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i. 


luce perm rete OF SOLAR RADIATION INTENSITY AND DETER AINATIONS OF ITS DEPLETION BY THE 


tele: 


Weather Bureau) — 


eteaologie Union Géodésique et Géophysique Inter- 

tionale, Annexe VI, Deuxiéme Assemblee Générale, the 
president, of the section, Bi Napier Shaw, has given an 
excellent summary of heliometric measurements. of 
solar radiation ineohaiey made in all parts of the world. 
The summary was prepared in response to a resolution 
of the section at its meeting in Rome in 1922, 

Sir Napier ‘expresses ‘radidtion intensities in_units ‘of 
power (kilowatts per rr are dekameter) for the reason, 
as he states, that ‘‘The kilowatt is the unit that 7m eers 
use to represent electrical power; solar energy is thereby 
brought into the seme category 2s the energy which men 
ar or sell.” 

here are two kinds of solar radiation measurements to 
be considered, as follows: . 

(1) The-total radiation ‘received « on a unit of horizontal 
surface from the sun and sky, and 
F (2) The intensity of solar radiation at normal * inci- 


t 


THE “VERTICAL COMPONENT OF SOLAR RADIATION . 


Measurements of the total radiation as in (1) above 
are best made with ii instruments, and the 
records are continued during cloudy and rainy weather 
as well as when the sky is free from clouds. Table 1 
gives a list of the stations at which continuous records of 
this. character have been obtained. Figures 1 and 2 
give the annual march of the daily totals for the different 
stations expressed in kilowatt hours persquare dekameter.' 

For all stations in the United States except Mount 
Weather, the data from which the curves are constructed 
is in the form of weekly means of the daily totals; for 


Mount Weather and Lourenco Marques the means are for - 


decades; for all other stations they are monthly means. 
The weekly and decade means have been smoothed by 


The sources of f the data are given in Table 2 a. 


TABLE 1,—Stations which obtain records of the total re- 
ceived on a horizontal surface from: the sun and ey” 


Station Latituge |. Loni Alt. Period 


Lincoln, Nebr...) 40 50 9641 W.| 381 | Jul: 1915- Callendar. 


(2) Madison, Wis...) 43 05N. | 89.23W. | 308 | April, 1911- 
ecember, 


One per square centimeter 1161 kilowatt hours per square deka- 
50037—27——1 


ATMOSPHERE WITH. OF PYRHELIOMETRIC MEASUREMENTS 


Tasuie I. Stations which obtain records of the total radiation re- 
ceived on a horizontal surface from the sun and sky—Continued 


Station Latitude tude tude Period Instruments 
(3) Chicago, I11. | 41 47 N. | 87 35 W. 210 mgerbe Weather Bureau 
(University April, thermo-elec- 
ther, | 540 1912~ | Caillendar. 
38 56 05 W 137 | November, | Do. 
ber, 1922, 


Novem ber, Weather B 
1922-Decem- ec- 


New Yor N. 40 46.N. | 73 58. We) 48 | April, 1924- Do. 


(Con tral Park 
Observatory.) 
(7) Habana, Cuba. _| 23 09 N. | 82 21 W. 40 | March, 1925- Do. 
Canada 43 40N. | 79% W. | 116]... Calendar. 
51 48.N. | 0 22 W. 128 | 1922-7924. Do. 
(10) South th Kensings 51 30N. | 0 10 W. } 87 | 1913-1920... Do. 
ay Daves Platz, 4 48N. | 94928. | 1,600 | November, | Angstrim. 
‘Switzerland. | j 
(a2) Arosa, Switzer- | 46 47.N. | 9 40B. | 1,860 | Mi.; 8. 1. 
er- | 4 
(13) Linden vere, | 14 07.E. 106 | Robitzsch 
(14) Stockholm, SO 2N, | | Tuly, Angstrom. 
(15) (Pav- | 59 41N. | 30 298. 40 | 1913-1919. Crova-Sawinoff. 
(16) urengo| 2 | 32 459 | 1915-1919... Callendar. 
ues, Port; 


Sou 
Johannesburg, | 26 11S. | 28 04 | 1,806 | 1908-June,1910- Do. 


| Measurements of direct solar radiation only. 
| TABLE. of data given in Figures and 2 


‘Lrncoun. 
H. 1916-1925. Solar and sky radia- 
tion measurements... Mo. Wea. Revy., 44:178. Monthly 
thereafter. Washington. 
(2) 
Hersert H. & Eric’ R. 1916. 
The total radiation received on a horizontal surface 
_ from,the sun and sky at Madison, Wis. Mo. Wea. 
Rev,, 44:180. 
KIMBALL, Herbert H. 1916-1925. Solar and sky radia- 
tion measurements. Wea. Rev. 179. Monthly 
thereafter. W. 
Cuicago. |, 
Hersert 1923-1927. Solar and sky radia- 
tion measurements. Mo. Wea. Rev. 51:533. Monthly 
whe: thereafter. Washington. 
‘Mount WEATHER. . 
KIMBALL, Herperr H. 1914. .The total radiation 
received on a horizontal surface from the sun and 
sky at Mount Weather, Va. Mo. Wea. Rev. 42:474. 
ashington. 
Kiwpaun, Herpert, H, 1915-1925. The totai radia- 
tion received on a horizontal surface at Washington, 
D.C. Mo. Wea, Rev. 43: 100-111. , Monthly there- 
thereafter. Washington. 
6) New York. 
1924-1927. Solar. and sk. sadia- 


tion measurements. Mo. Wea. Rev. 52:225. vr 
thereafter. Washington. 
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(7) HaBana. 3 f.; For Sloutzk (Pavlovsk), Russia, two curves are givén. 
(8) One includes direct solar radiation only, the other both 
Suaw, Sir Napier. 1926. ‘Radiation in relation to ditect solar and diffuse sky radiation. The curves for 
tnetooralogy. _ Proeés-verbaux. Deuxéme Assemblée Arosa and Lindenberg include only the direct solar radia- 
Générale, Union Géodésique et — Inter- tion, that for Arosa as received upon a horizontal surface, 
and that for Lindenberg as received oa surface at right 


1926. Radiation in relation to 
Deuxiéme Assemblée 


Sin Napier. 
Proces-verbaux. 
Générale, Unio 
nationale, Section de météorologie, p. 94. 
(10) Sourn Kenstneron. 
Great Britian. Meteorological Office, 1913-1920. Brit- 
ish meteorological and magnetic year book, Part III 
(2), Geophysical Journal. London. 


(11) Davos. 
Dorno, C. 1922. Fortschritte in Strahlungmessungen. 
Met. Zeit. 1922, 39:311, Tabelle 2. Braunschweig. 

(12) Arosa. 


Gérz, F. W. Pavt. 1926. Das Strahlungsklima von 

Arosa. Berlin. 
(13) LinDENBERG. 

Rosirzscu, M. 1920-21.  Einige Ergebnisse von 
Strahlungsregistrierungen, die im Jahre 1919 in 
Lindenberg gewonnen wurden. Beitrige zur Physik 
der freien Atmosphire. Band IX, pp. 91-98. 
Leipzig. 

(14) 
nestrOM, AnppeRs. 1924. Solar and _ terrestrial 
radiation, Qr. Jr. Roy. Meteor. Soc., 1924, 50:123, 
Table 1. London. 

(15) Stourzk (PAaviovsk). 

Russta. OBSERVATOIRE GhOPHYSIQUE CENTRAL. 
1926. Bulletin de la Commission Actinométrique 
permanent de l’observatoire géophysique central. 
1925, No. 1-2, 1926, No. 1. Lenin 1 

Kauitin, N. N. 1925. Die Warmesummen der 
Sonnenstrahlung fir Pavlovsk. Met. Zeit., 40:355, 
Tabelle 2. Braunschweig. 

(16) Lourenco Marques. Provincia de Mocambique. Servicos 
de Marinha. 1916-1921. Relatonio do Observatorio 
Campos Rodriges em Lourenco Marques. Anno de 
1915-1919. Lourenco Marques. 

(17) JoHANNESBURG. 

TRANSVAAL. Dep’r. 1907-1910. 
Annual Reports, Transvaal Observatory. Pretoria. 


In Figure 1 the effect of latitude is shown by a compari- 
son of the curves for Madison and Toronto with that for 
Habana, and the effect of altitude from a comparison of 
curves for Washington and Mount Weather. The curves 
for Chicago and New York show the screening effect of 
city smoke, especially during the cold months, The in- 
struments in use at these American stations, except that 
for Toronto, have been standardized at the United 
States Weether Bureau by the method illustrated in the 
Monruiy Weatuer Review for May, 1923, 51: 242. 

Since Figure 2 contains curves for stations in both the 
northern and southern hemispheres, in order to synchro- 
nize corresponding seasons of the year it is necessary to 
follow a different sequence of months for the two hemis- 

heres, as shown. ile we have no assurance that the 
instruments of different types in use at the different 
stations (see Table 1) record solar energy on pores § 
the same scale, the curves are generally in. accord. 
Thus, while Stockholm is farther north than the stations 
on the British Isles, it undoubtedly has clearer skies; 
therefore, the marked similarity between the curves for 
Stockholm, South Kensington, and Rothamsted is not 
surprising. ‘The curves for Johannesburg and Lourenco 
Marques are in good agreement with that for Habana, 
but there is not the difference between the first two 
named that the difference in their elevations would lead 
us to expect. On the other hand, the curve for Davos 
Platz is so high as to indicate unusually clear skies. 


n Géodésique et Gtomhast ue Inter- 


angles to the incident solar reys. 


A comparison of the two curves for Sloutzk, and also 
that for Arosa with the curve for near-by Davos; indi- 
cates the very considerable part of the total solar thermal 
energy that is received diffusely from the sky, amounting 
in many months to 50 per cent. On the other hand, the 
curve for Lindenberg shows nearly as much energy 
received from the sun on a surface normal to its rays as 
the total energy received on a horizontal surface from the 
sun and sky at Davos, which is at a lower latitude and 

igher altitude. 
or Stockholm Angstrém (1)? found the ratios given 
in Table 3 between the total radiation and the sky radia- 
tion received on a horizontal surface. pies. 


TaBLe 3.—Ratio of sky radiation to the total radiation at Stockholm, 
expressed as a percentage—July, 1922-June, 1923 


Month Jan. |Feb.| Mar. |Apr.|May/June|July|Aug.| Sept. | Oct.| Nov. | Dec. 


Per cent ......... 74) 42) 33) 35] 26) 36; 45) 54] 77} 97 


From a summary published by me in the Monruiy 
Weatuer Review for October, 1924, 52: 475, Table 1, 
the relations given in Table 4 are found. — 


TaBie 4.—Ratio of the sky radiation to the total radiation, as re- 


ceived on a horizontal surface with a cloudless sky, expressed as a 
percentage 
Solar zenith distance 
25° 30° 3° 55° | 60° 5°\70. 7°'73. 6°175.7°177. 4°178. 7°| 85° 
Washington, D. C 
Winter. 12 16] 20; 23) 25) 20) 82] 37 
Spring. .....-. 10 13 17] 20}. 24) 28| 321 36} 
19 21 24] 27) 31) 37] 38) 40 
Year. 16 |....| 17 20} 23] 25| 20] 33] 36} 88 
Hump Mountain 8 12] 15| 16] 19 
Mount Wilson 4 Mj 44! 16 | 20,20} 24); 27 92 38 


1 Measurements made in 1913. 


Angstrém (1) has found that the total radiation income 
during the day may be expressed by the formula 

2=Q, (0.25+0.75S), where Q, is the radiation income 
which corresponds to a cloudless sky, and S is the dura- 
tion of sunshine expressed as a percentage of the possible 
duration. My own (2) studies of measurements made 
at Washington, Madison, and Lincoln give for this equa- 
tion Q,=Q, (0.22 +0.78S). 

The only difference between these two equations is in 
the term that represents the percentage of clear-sky 
radiation that penetrates a continuous cloud layer. 

The average annual amounts of solar thermal energy 
received on a horizontal surface at the different stations 
is given in Table 5. 


2 The bold-face figures in parentheses refer to references at the end of the paper. 
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Fig, 1.—Anaual of daily. totals of radiation «horizontal trom the aun and difusly fromthe sky (Western Hemispher) 


amounts of solar thermal TY OF RADIATION. AT AL INCIDENCE 
of horizontal surface INTENSI ‘SOLA “NORMAL. INCIDENC 


"Measurements of.the intensity of \solar radiation at 


i > etl incidence, (2), above, are usually made only when 
_the sun is unobscured by clouds. They may be used to 


determine the total heat energy received directly from 


the sun with ‘thesky cloudless, on either a horizontal 


surface, a surfacenormal to the incident ra a ver- 


_ tical or sloping surface facing in any desired direction (3), 


(4). However, such determinations have not the mete- 
orological significance ihat:attaches to continucus 


Ma 

22 

lowatt- ||, H Stations Kilowatt- 

184, ie 

160, 
148,524 || Davos (4, U4 

145, 498 || 138 

139, 78, 569 

106, 79, 267 : 
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Months for North Latitude Stations 


Fe _ Meh. _ Ape May vune July Aug. Sept. Oct Oge. 
THAH W220 2 21 1 KH 102030 02039 9 19 8 28 8 18 28 7 «1727 7 1727 


\ 
i 
7 
A \ 
\ 


7 From the sun only at normal incidence 
© From the sun only on a horizontal surtace- ‘ PIS. 7 
iH, © From the sun and sky on a horizontal surtace © = Se 
21 20:30 9 19 22 9 19 29 6 18 26.818 26.7 17 27,6 16 26.8 18 267 17 27.7 17 27,6 16 26 


Aug. Sépt Oct Nov Dec. Jan ‘Feb. Mch Apr May , 
Fig. 2.—Annual march of daily totals of radiation (Eastern Hemisphere) ; 


In this paper these measurements will be used in con- transmission of solar radiation, or its complement, 
junction with the mean value of the’solar constant, as atmospheric depletion. : - 
determined by the Astrophysical Observatory of the Table 6 gives a list of stations at which pyrheliometric 
Smithsonian Institution, in a study of the atmospheric measurements of the intensity of solar radiation have 


800 

| 
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been made, the length of the period of observation at 
each station, and the kind of instrument employed. 
For this latter the following abbreviations haye on 
employed: 

A=Angstrém electrical compensation pyrheliometer. 

A. P. O. = Astrophysical Observatory copper box pyrhe- 

Ma.= Marvin electrical resistance pyrheliometer. 

Mi.= Michelson bimetallic pyrheliometer, 

S. I. =Smithsonian silver-disk pyrheliometer: 

M. G.=Gorezyfiski pyrheliometer employing a Moll 

Table 7 summarizes the pyrheliometric measurements 
made at the various stations. In this table the following 
abbreviations have been employed: jae 

m=the air mass=the length. of the path of the solar 
rays in the earth’s atmosphere, the length with zenithal 
sun being unity. 

_Am=the solar thermal energy after passing through 
air mass m. _ 

A,=the solar thermal energy after having passed 
through air massm=2,. . 

a= atmospheric transmission coefficient. 

&,-2= atmospheric transmission coefficient determined 
from solar thermal energy measurements made with 
the in the zenith, m=1, and also m= 2; or, 
Likewise, and a&_;= I,’ where Ay, 
the solar constant, is assumed to be 1.937 gram-calories 

r minute per square centimeter, and the value of A, 

as been reduced to that for the mean distance between 
the sun and the earth. In general, the subscripts to ‘‘a’’ 
pansy — range of values of A upon which the value of 

In Table 7 the values of A, are usually the means of 
pyrheliometric readings made near noon, and the corres- 
ponane values of m have been computed from the 
zenith distance of the sun at noon on the middle day of 
the month, as derived from the latitude of the p 
and the solar declination. _ : 

The value of A, given in the table, and the values of 
A;, and A, which enter into the determination of the 
values of &~2, aNd &g_3, have been obtained by inter- 
polation or extrapolation from measured values. In 
winter, except in the Tropics, the extrapolated values of 
A; are subject to considerable error. 

In many cases it has been necessa 


for the writer to 
plot logarithms of original pyrheliometric readin 
against air mass to obtain the desired value of A. 
the case of values for Cordoba, La Quiaca, and La Con- 
fianza in Argentina, this was not possible, as the original 
readings are not accessible to me. I have therefore made 
use of the published values of A, and “a,” and from 
these have computed Ay. 
Values of A in the table are expressed in gram-calories 
r minute per square centimeter of normal surface. 
hey have not been reduced to mean distance between 
the earth and sun. 
The A. P. O., the S. I., and the Ma. othe 
have been intercompared to permit of bringing their 
readings into conformity with the Smithsonian pyrhe- 
liometric scale of 1913 (5). The Mi. pyrheliometer is a 
secondary intrument that is standardized by comparison 
with a standard instrument, most frequently the Ang- 
strém. It has been shown (6) that the ratio 


Angstrom scale 


= 1.0325, 
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approximately, Therefore, in compiling Table 7, when- 
ever it seemed reasonably certain that radiation inten- 
sities had been recorded on the Angstrém scale they have 
been multiplied by 1.0325 to reduce them to the Smith- 


sonian scale. 
indicated b 
the end of 


a referen 
able 6. 


That such reduction has been made is 
ce to an appropriate footnote at 


This reduction has been made for the purpose of bring- 
ing the intensities into accord with the scale on whic 
Smithsonisn solar constant values are expressed in so 


far as this is possible. 


6.—List of pyrheliometric stations 


Alti- 


Station Latitude | Longitude bw Period Instrument 
(1) Abisko, Sweden.._| 68 21.N. | 18 49 .| . 390 | July 2-Sept.13, 
1913; July 1- 
Aug. 21.1914.| A.1 
(2) Agra, Switzerland.| 45 48N. | 900E. | October, 1922-| Mi. 
(3) Algiu (Riezlern),| 47.22 | 10 10E. | 1,150} May, 1922-| Mi, 8.1 
Austria. May, 1924. 
Apia, Samoa -..... 13 488. |171 46 W. 2 | 1925-1927____.. M. G, 
Arequipa, Peru_...| 16.228. | 63 05 W. | 2,451 August, i9i2- 8. 1. 
arch, 
(6) Arosa, ‘Switzer-| 46 17N. | 9 40E. | 1,860 | October, 1921- | S.L., Mi. 
land. March, 1925. 
8 Bangkok, Siam._.} 13 44 N. |100 30 E. 10 | May 5-21,1923 | MI.! 
Bassour, Algeria_.| 36.13 N. | 2 52E. | 1,160 A. P.O 
vember, 
(9) Batavia, Java.....|. 6118. 50 E. 8 1917- | 8. I. and Mi. 
10) Calama,Chili (Mt. | 22 288. | 68 56 W. | 2,250| July, 1918- | 8.1. 
Montez July, 1920. 
| 68 & 2,700 August, 1820- 8.1. 
pri 
(11) Cape Horn, Chili.| 55 31.8. |. 7025 W. } 12 September, Pouillet... 
tember, 1803. 
(12) Cheyenne, Wyo...}.41 08 N. |104 48 W. } 1,856 | August . | SL. 
) Cordoba, Argen- | 31258. | 6412W.| February, | 8.1 
4. 
(14) Corleto, Italy.....| 44 36 N. | 10 51 E. 58 Agust-Sep- Aa 
mber, 
15) Da Switzer -|.46 48.N. 9 49 B, 1,600 | 1912-1918" (re- | A and Mi. 
land’ duced to 8. I. 
Seale, 1913). 
(16) Ellijay, N. 35 11 N. | 8515 W. | 683 | May 8-13,1916 | SL. 
(17) Eskdalemuir, | 5519N. | 3 12 W..| 244 1909-1921... Aa 
(18) Etna, Mount] 3745N. | 1500E, | 2,950 Aug. 18-28, | 
asa Cantoniera) OF 15885 
(19) Feldberg,  Ger- | 47 52N..| 8 02 E, .| 1,300 | Oct. 19, 1921- | Mi.,S.I 
many. March, 1925. 
(20) ‘Flagstaff, Ariz.....| 85 12 N. {111 37 W. | 2,105 pt 25-30, | 8.1. 
(21) Flint 70058. [152 10 W. |----.-- Dee, 29, 1907__| 8.1. 
(22) Florence, Italy....| 43 46N. | 1113E. | 73 | June, 1915-| Au 
(23) Frankfort on ‘the | 6007.N. | 838E. | 820| July, 1919-| Mi! 
Main, y. “| arch, 1 
(24) Fresno, Calif... 36 43.N. 49 W.'} 110 | Mar., 14,1920__| S. I. 
(25) Fuji, Japan._.....- 35 22.N. [138 44 | 3,726 | July 29, 1909..) A. 
(26) Gornergrat,|4559N. | 747E. | 3,136] June 25-July | As 
Switzerland. 12, 1903. 
(27) Hald, Denmark...| 56 23.N. | 9 19 78 | 1902-1903. 
Hel Cairo), | 29 52N. | 31 20E, | 116) Februar 
Hump Mountain, | 36 08 N. | 82 00 W. | 1,500 Jane at 8.1 
March, 1918. 
(30) Innsbruck, Aws-|4716N. |1123E. | 580|January-| A. 
tria. June, 1908. 
1) Johannesburg, | 2611S. | 28 04E. | 1,806} April, 1907-| A‘. 
South Africa. une, 1911. 
(32) Jungfraujoch, 46 32N. | 758E. | 3,467 Sept 33-Oct. | A, Mi: 
Switzerland. 1923. 
(33) Karlsruhe, Ger-|4901N. | 825E. | 128 Sept. 6, 1921- | Mi., 8. I. 
many. ar. 1, 1925 
(34) Katharinenburg, | 56 50 N. | 60 39 E. 290 1898...... Chwelson. 
(35) Kew Observatory, 61 018 6 | As 
(36) Kief, Russia....... 5O24N. | 3028E. | 183 | Crova. 
(37) Kolberg, Germany.| 54 11 N. | 15 33 E. 2 April 1914- A, Mi. 
(38) La Contianza, | 22088. | 6545 W. | 4,483 | August-Sep- | S. I. 
Argentina. ber, 1913. 
le 6 ember, 
tina. 1912-Octo- 
ber, 1913 


1 Radiation intensities as 
metric acale_of 1913 by 


have been reduced to the Smithsonian pyrhelio- 


by 1,0325. 
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TABLE 6.—List of pyrheliometric stations—Continued Tapum 6+—List of pyrheliometric stations—Continued 
"Station Latitude | Longitude} Alt period Instrument Station Latitude | Longitude} Period Instrument 
(41) Lausanne, Swit- | 46 31 N 6 38 E. 515 | Crova.... (67) Ger- | 52 23N. | 13 04E 106 | March, 1907- Mt; Aj: Bade | 
(42) Leningrad (St. | 59 56N. |30 5 | Chwolson. O q 1915. 
Petersburg), (68) Red Bluff, Calif...) 40 10.N. 122,15 W, |. 110 Mar, 23-25,,| BOL. ji / 
(43) 40 50N. | 9641,.W.| 373) July, 1915-| Ma, co) St. | 808 | Jane, 1919+!) Mi, I. 
(44) Lindenberg, Ger- | 52 13 N. | 14 07 E. 908 | =. and Ro- Santa N. 35 41 N. (105 57 W. | 2,138 Mere 
many. tzsch. O- 
(45) Madison, Wis....-} 43 05 | 89 238 W. |. July, 1910- | Ma. | | 1912- i 
Twin Moun- N W. | 2/438 | 
| 35 39.N. [105 55 25, 1912...} 8.1.) 
(46) Madrid, 40 24N. | 341E. |. 655 September, Aa tain. wanciche 
Lake Peak. ..-| 35 48 N: /105-45 W. | 3, 720 | Oct. 29, 1912...| 8.1. a 
(47) Medford, Oregon..| 42 20N. |122 49 W. | 468 | 8.1. (71)' DN. | 1, K'and. Violle. 
(48) Modena, 44 39N. | 10 56E.°| 51 Mareh-No- | 1899; July- = 
1901; Janu- Simla, India. 1921. 
ary, 1902- 1a, OL 77 08 E 2, 204 ber, 
Moat “Bepte (78) Smeroe, Java....... 8 09S. [112 55E. | 3,670 | Apr. 1915, 
i i an ug. i 
(50) Monte Cimoné, | 44 12 N. | 10 42 E, | 2,165 August, 1809; | Violleand A! gonmbtick, Austria} | | J 
ust, 1902; | --~ Canary 
gust, 1004; (7) Alte Vista.-.=| 98 19 16 | 8,952 | June | 
gust. 1005. 28 19.N, | 16 90 2,867] | 
Ri cember, 5 
(51) Monte Rosa, Italy-| 45 55 N.-| 7 56 E. | 4/560 28 | 16.34 W.'| 2,100 May, 
(52) Montpellier, France_| 43 36.N. | 3 53E. | | Crova. Guinier - - 28 | 16 28 W. | July 2-3, 1806.) 
(53) Moscow, Russia___| 55 45N. | 3734E. | 156 | May-August,| Michelson Théodosie, Russia. 4502.N. | 35 24 B. Jamuary Miv 
1. 
1 
Java} 6.508. |109 30 200 | July, Mis). 
Solana (33) Trapp. 39 04 77 52 Aug. 30-Sept. A. P.O. 
($4) Treurenberg, | 79 55N. | 16 $2 E. 9 September, 
Jablonica_.....| 48 19N. | 24 20E. | 840 |.-... 8.1. (85) Upsala, Sweden__.| 59.51 N. | 17.32E, 40 
1,372 | September, | A, 8.1. (86) ‘Ursanova, Poland_| 52 02.N. | 2100E. | 100] June-August, | At 
otytewska_._| 48 10 24 33 E. vie 
1,406 | July, August, A, Mi,s.1 7) Wabnedort, | 13.44. 200] August. 1917, Mi, 
Chomiak__.._- 48 22N. | 24 30E. | 1,544} August, 1924..| A, 9. 1. 
Poland. | 21:02E. | 1910-1918... ‘A and others.! 
48 09 N. | 24 32 E. | 1,882 Washington, D, C.| 88 56.N. 77,05 W 127 | October, 1914- 
Howerla_...... 48 10N. | 24 30 B. | 2,058 Ay Mi, 821 
(55) Mount” Weather, 3904.N. | 7753 W. | 540} September, | Ma. 
Austria. 49 18N, | 19 58 E 899 
(56) Mount Whitney, | 36 35N. [118 17 W. | 4,420 | August, 1908, | A. P.O MISCELLANEOUS “ 
- Calif. September, 
1 Sep-| ..., Ni} Mar. 8, Mit. 
tember, 1910. aint Mediterranean Sea 36- N. | 50 Mar. 13, Mi.! 
(57) Mount Wilson, | 34 13.N. 04 W..| 1,737 A, P.O ‘ 32 E. 
(58) Naples, Italy... 4052N. | 1415E. | 449 | December, | ‘As 44 38° | 16 
ary, 1915 Red 22.."N. | 38 
(69) Nijni-On -Oltehedaeft, }-48 38.N. | 27 40 B. | 197 | 1912-1914. Aa 18 N. 40 
(60) Japan...) 35 06. N. 51 E. 10 | July 29, 1909...| Ar (05) Guar 
(61) Nyképing, Swe- | 58.45 N. | 17 01 E. 18 | March, 1918- Aa {06} Indian Osean 
(62) Java..| 6508. [106 50 E. 3, 030 “15; Mi. (97) Gulf of Siam... 3 101 E. Apr. 10, 
(63) Paris (Pate St. |4849N. | 2295. 50 | 1907-1923... 22. Aa 
aur), nee. 4 7 4 
(64) (Sloutzk;} 69.41 N. | 30 29 E. 40 Saptom boss Sawi- 8) Omaha, Nebr... | 
ber,1919; (99) Griesheim;' Ger- 51 07 N. 8 41 E. .| 7,505 | Oet. 19, 1913__. ha on! 
I, 1926. 
a diation intensities as recorded have been seduced to the Smithsonian pythelio- 
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TaBLe 7.—Monthly means of solar radiation and atmospheric Tasiux 7.—Monthly means of solar radiation and atmospheric 
transmission transmission—Continued 

Stations Jan. |Feb. |Mar.| Apr. May|June| uly Aug.| Sept. Oct. jNov. Dec. _ Stations Jan, | Feb,|Mar.| Apr.| May| June July|Aug.| Sept.| Oct. |Nov.| Dec. 
& 1°3.-- 928 
aot é 
La (40) 


1. 
894 


BS ya! gee Bes 


1 
1. 
1. S41 
1. 23 26 (1.34 |1.36 [1.33 [1.30 /1. 29 |1.26 | 1.28 [1.27 11.23 [1.16 
2. 08 1. 68 |1. 34 16 |1.07 /1.05 |1. 06./1. 1.26 |1. 53 [1.94 12. 25 
Monte Ras, 
santa (70): 
.9 873] . 908) . 4 ‘ . 893 
1.34 
847 
{33 
1.40 
884 
ui 26 
sedi 
~ 875). 
871 . 828) . 867 
Pomona (66): : 
32 {1.81 |1.42 |1.20 |1.09 {1.06 [1.08 |1.15 | 1.31 [2.13 54 
oa Paris (63) 
19, 87 11.00 11. 12 |1. 16 14 14 /1. 14 |1.12 1.16 O¢ 10.94 84 
2, 10.1, 57 |1. 28 {1.15 10 |1, 12 [1.22 | 1,44 [1.86 60 |3. 24 
1.37 {1.38 |1.48 [1.48 |1. 47 |1. 47 |1. 46 |1.41 | 1.46 |1.43 [1.33 24 
2. 31 |1.48 {1.28 |1.24 {1.24 [1.18 |1.27 | 1.37 78 |2. 23 13. 53 
Mont Blanc (49): 
Aa 
1.17 {1.27 |1.36 |1.37 
+ 875)..... 
. 725) . 752) 784)..... 
1. 16 19 |1.30 
1,04 {1.11 [1.17 |1.22 
829) . . . 842 
. 726 
1, 14 {1.13 [1.26 |1.30 
819) . . 860 


734’ 755 


@ . 879] . 869} . 887] /900) .912) .911) .908| .900) nal 
. 818} £818) . 813) .855) . 886) . 903) . 916) .882) . 874) 
Calama (10): \ Teneriffe: 
43 [142 [140 41 44 11. 43 41 11.45 | 1. 46/1. 47 |1. Pic de Teyde 
. 804) . 894] . 887] . 898) .912) . 908) . 902) .902) . 902) .900) . (76)— 
& . 790} . 799) . 795) . 815) .827| . 834) . 824) .842) . 837) . 832) . 811). das 
47 [1.43 [1.45 1. 48 |1.48 [1.47 [1.47 | 1.49 [1.51 [1.51 Alta Vista (77): 
30 [1.33 [1.33 [131 11.33 |1.35 [1.33 [1.32 | 1.31 |1.32 [1.33 Izana (78): 
@ . 832) . 880} . 878] . 870) . 880) . 883) . 865) . 865) . 850) . 845) . 843) . G1 62 61 54 [1.55 | 1. 57 [1.50 59 11. 65 
@ . . 759] .775| . 783] . 796| .818| .820| .808} . 806) .801| . 795) . OF {1,02 [1.01 [1.01 [1.04 | 1.12 °11.25 [1.46 61 
Cordoba (13): Cafiadas (79): z 
.778) . 743! .755' . 774! . 675) . 670! . 680! . 673 50 11.97 11.50 44. 25 '1. 12 11.09 11.10 11.19 | 1.38 11. 76 12.36 |2. 87 
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Taste 7.—Monthly means of solar radiation and atmospheric Tasue 7,~Monthly means of solar radiation ‘and atmospherit 
transmission—Continued transmission—Continued 

Stations Jan, | Feb.|Mar.taprd May July| Aug.| Sept. | Oct! |Nov.| Dec. "Stations Jan. | Feb.|Mar.| Apr. May] Sune July Sept. | Dee. 
Sonnblick (Alta Katharinenburg 
Vista) (74): (34): 

1.27 [1.40 |1.41 [1.87 [1.26 |1. 26 |1.33 | 1.27 [1.26 [1.24 

3. 26 |1.96 |1.46 {1.25 |1. 20 |1. 22 |1.37 | 1.71 |2.90 [3.59 

1.41 |1.33 /1.25 |1.13 /1.03 10.99 /1.11 | 1.17 

Leningrad (42): kp”) 

Lett 14 {1.85 | 1,27 |0. 99 |'0. 70 

000. 6. 10° |3. 87/2. 10 |1. 55 |1. 32 {1,25 [1.28 |1. 44 | 1.82 |2.75 904 8. 10 

Nun i-Oitehedsett 
1.05 |1.29 |1.25 [1.26 [1.25 |1. 19 [1.12 [1.17 | 1,22 [1.07 (1.03) 004 
864) . Pavlovsk (Sloutzk) 

668} (64): 

Adis. 87 11. 10 {1.23 |1. 29 {1.32 33 29 [1.23 | 1.18 1.13 0. 96) 0. 81 

5.95 |3.34 [2.08 |1. 54 |1.31 {1.24 |1.27 1.44 | 1,82 [2.72 7.80 

Tashkent (75): 
Théodosie (81): 
1. 88 [1.44 |1. 
+2 Treurenberg (84) 
09-8. 
Abisko (1) 

09-3. 

Nyk6ping (61): 

A2-3- 

09-1. 

Upsala (85): 
1.28 |1.21 1.29 [1.30 |1.28 1.21 [1.17 [1.19 [1.20 | 1,24 
. 741) . ..747 
1.02 |1.06 
1.15 1.15 | 1.17 
1.33 725) . 719). 
1.22 |1. 
wad 1.19 1,241. 
.19 1.19 |1.09 |0. 94 10. 78 1. - 54 -15 
.17 1. 52 |2. 06 90 Simla (72) 

1.49 |1.48 |1. 50 |1.47 [1.42 [1.29 [1.29 [1.38 | 1.43 [1.47 |i. 49 |1. 50 
1. 62 {1.39 |1. 19 |1.07 /1.03 {1.02 [1.02 [1.05 | 1.13 |1.30 54 72) 

|1. 13 |1.03 |1. 13 0.98 |0.99 (0.93 /0.86 | 0.89 79 |1.05 |1. 08 

857| .917| . 737| .806| . 825! . 798 871| . 881] .. 702}>. 727 

665| .697| .711| .677| .686) . 704| .643| 630] . 600). 741) 714 


ao- 


1 December and January combined, 


Fuji (25): 


= 
% 
Howerla— | Numazu (60): 
| 
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OBESERVATIONS AT SEA. dingtom. 
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‘ hog 8 gives the sources of the data summarized in 

able 7. 

It will be noted that in Tables 6 and 7 each station is 
given a number, and that in Tables 6 and 8 the arrange- 
ment is alphabetical. In Table 7 the arrangement is 
geographical, beginning with South America, and then 

assing in succession to North American, the Canary 
slands, southern, central, and northern Europe, Africa, 
India, Java, Siam, Japan, observations at sea, Oceania, 
and. observations from balloons. 


ATMOSPHERIC TRANSMISSION 


The data of Table 7 have been summarized in con- 
venient form for studying atmospheric transmission of 
solar radiation, or its complement, atmospheric depletion. 
The latter is due to four principal causes, as follows: 

(1) Scattering by the gas molecules of dry pure air. 

(2) Scattering by the water vapor in the atmosphere. 

(3) Absorption by the gases of the atmosphere, 
principally by water, vapor. 

(4) Scattering and absorption by the dust particles 
in the atmosphere. 

a owle (7) has shown that on high mountains above 

a | the dust of the lower levels atmospheric transmission 
by dry air, a,,, agrees closely with the theoretical equation 
developed by King (8) from Rayleigh’s classical equations 
(9) as follows: 


dy, =e —*, where k 
2 

' n=index of refraction of air. 


(n ~- 1)10" = 2875.16 + 13.412/4210-* + 


H=height of the homogeneous atmosphere, 
= 799,000 cm. 


P=observed pressure in em. of mercury. 
wave length of light in cm. 


N,=molecules per em.’ 76.0 cm., #=0°C.) 
= 2.70510 
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b=energy absorbed by the permanent gases and 


converted into heat. 


D=depletion from atmospheric’ dust and haze, 
which probably does not vary. greatly 
with A, and becomes almost negligible at 
high altitudes. 


Assuming 6 and D each equal to 0:0 and P= Py, 
has been computed by equation (1) for 39' values of d 
between 0.3415 u and 2.442 yu, corresponding to prismatic 
deviations of the Smithsonian u. v. glass prism between 
+240’ and —40’, at intervals of 10’, except that between 
+120’ and +20’ the interval is 5’, The relative intén- 
sities of radiation for these wave lengths before deple- 
tion by the atmosphere, é,; have n taken from 
Fowle’s values (10) with interpolation where necessary. 
Let m=the air mass, approximately the secant of the 
sun’s zenith distance, and a’ the transmission. coefficient 
for the total solar radiation through dry pure air. Then 


ar, and (2) 
(3) 


Both the numerator and the denominator of (3) must 
include corrections for both ultra-violet and infre-red 
radiation (11) beyond the limits of the wave-lengths 
considered.’ The magnitude of these corrections appears 
to be known only approximately. 

To take account of the scattering of solar radiation 
by atmospheric moisture, I have also used Fowle’s (10) 
values of dy,. The equation for a’ then becomes 


, m — 

where w is the depth of water in centimeters that would 
be obtained if all the moisture in the atmosphere were 
precipitated. If w=0, equation (4) is identical with (3). 
At stations of the Astrophysical Observatory of the 
Smithsonian Institution the value of w is determined 
spectrobolometrically. At other stations it is*necessary 

—h 


to use Hann’s equation, w=2.3 e 1072°°° where e is 


the surface vapor pressure in centimeters, and his alti- 
tude in meters above sea level. Fowle states (12) that 
this equation can be relied upon only when the mean 
values of e for a considerable period are used. . 

In Figure 3, the values computed from (3) for values of 
m=1, 2, 3, 4, and 40.0/76.0=0.526, have been plotted 
as ordinates on the scale of their logarithms to the base 
10. The abscissas have been numbered for an. air pres- 
sure of 76 cm. Evidently, however, if P< Po, unit air 
mass will fall on the abscissa corresponding to the value 
of P/P). Thus, if. P=40.0 cm., unit air mass falls at 
0.526, 2 m. at 1.052, etc. 

Similarly, the values computed from (4) for m=1.0 
2.0, 3.0, and 4.0, and values of w=0.5, 1.0, 2.0, 3.0, and 
4.0 cm., give curves 2-6, Figure 3. Values have also been 
computed for m=0.526, but the form of the equation 
shows that for this value of m the precipitable water, w, 


represented by the curves is - w, where w is its value for 
0 


As this Diaper pass te thee Solar Radia- 
tion Researches,’ by C. G. Abbot (Sonderdruck aus “Gerlands Beitrage zur Geophy- 
sik,’ Bd. XVI, Heft 4, pp. 344-353, Leipsic, 1927). In it are given new determinations 
hose heretofore published, Their use 

than are indicated by the curves 


for these corrections that are much larger than t 
would probably lead to lower on 
of Figure 3. 


q 
q 
a q 
7 
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P=P,. Thus, for‘P =40'cm., on curves 2-6, w=0.263, 
0.526, 1.052, 1.578, and 2.104, ‘respectively. 

From computed values of (€9,@,4"w)™, (a’)™, and curves 
given by Fowle (10), I have determined the proportion 
of incoming radiation’ absorbed’ by quantities of water 
vapor petting wm; where w has the same value 
as in curves 2-6. hese computed values of water vapor 
absorption have been plotted on’ curve 12, Figure 3; and 
after increasing them by 0.5 at all air masses to take 
account of rend hen by the permanent gases of the 
atmosphere (13) have been deducted from the value of 
(a’)™ to give values of (a’’)™ as plotted on Figure 3 in 


0 10 
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stations, and the'results are given in Table 9. Columns 
3 and 4 give the scattering and absorption, £,,, by pure 
dry air; columns 5 and 6, the scattering and absorption, 
Ey, by water sey columns 9 and 10, the total deple- 
tion, 1—ad_, as determined from the data in Table V3 


columns 7 and.8, the depletion designated D’,, above, 


which is the difference between the total depletion of 
columns 9 and. 10 and. the sums of the depletions given in 
columns 3 and 5, and 4 and 6, respectively. e sub- 
D’ , and a in the headin 
of Table 9, indicate the values of m between high 


depletions were computed. 


cS 
Curves by atmospheric gases; 
cp, 
S 
2.08 ‘55 
Pes 
S/4 
FG. 8—Atmospherie transmission of solar radiation through pure moist air 
curves 7-11. , ive the proportion of solar radiation T inke (14) ‘calls the ration 7..= 1-dm the heric 
almosp 


They 
that is transmit y-pure; aie containing the amounts 
of water vapor indicated...» ren} 
_ The curves of Figure 3 do not; take into account. the 
depletion of solar radiation by the haze and dust in the 
atmosphere represented by the term D in equation (1). 
Undoubtedly this depletion results from both scattering 
and absorption; but.since.we.do not know the relative 
amounts scattered and absorbed, the total is usually 
attributed to scattering and is here designated D’,. 
From the data in Table 7 and with the aid of Figure 3 
we may determine with considerable accuracy the amount 
of depletion of solar radiation by the scattering and 
absorption of dry air, aqueous vapor, and haze and dust 
of the atmosphere. This has been done for a few typical 


turbidity factor, and Gétz (15) and Milch (16) have made 
extensive use of this factor in recent publications. I have 
— of and in the last two columns of 

. An. inspection of Table 9 shows but little depiction 
from water vapor or from dust on high mountains, which 
is in accord with the results obtained by Fowle (17). 
There is also less depletion from dust. and haze on island 
stations than on continents. At Samoa it is less during 
the wet summer months than during the dry winter 
months. It has been shown (18) that haze at sea consists 
principally of minute salt crystals. 
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TaBLe 9,—Atmospheric depletion of solar radiation 


Tur- 
Dry air,| Water | | Total | bidity 


Station Season 
1-0-2] Tor [To-s 
| Winter. 062'0. 3. 91/3. 19 
Summer. 005) . 3. 88 
Washington. Winter. 141). 2. 79/2. 56 
Summer 127). 3. 85/3..30 
Mount Wilson -...| Summer. . 026) . 2. 61/2, 13 
Mount Monte- | Winter . 021) . 1..99}1. 74 
zuma. Summer-_ - 016) . 2. 60)2, 14 
Mount Whitney-_-| Summer-_! . . 034) . 1. 81)1. 70 
Jungfraujoch Summer-_| . .O11) . 1, 86/1. 58 
Monte Rosa______- er 037! . 1. 75/1. 78 
Quiaca__....... Winter 038. 1. 54)1. 91 
Sumumer- . 003) . 2. 83/2, 09 
Pic de Teyde__--.- Summer. O11) . 1. 61/1. 61 
Summer-_ 007) . 2. 54/2. 30 
Summer.| . 063) . 2. 101. 80 
Summer_| . 004) . 155)... 2. 21;2. 60 
2. 87 4 


The total depletion of solar radiation by atmospheric 
scattering is approximately (1—a’,)+D’,, and from it 
we may compute the intensity of the diffuse radiation to 
be expected at the surface of the earth with a cloudless 
sky. In this computation it is necessary to make allow- 
ance for the fact that only a small proportion of the 
diffuse sky radiation is received at the earth’s surface at 
normal incidence, and also for the fact that the intensity 
of the radiation is not the same from all parts of the sky. 
Upon the assumption that photometric measurements of 
the brightness of different parts of the sky (19) give the 
variations in sky radiation intensity with sufficient ac- 
curacy, I find that at Washington the intensity of 
diffuse sky radiation on a horizontal surface as com- 
puted from the atmospheric scattering of radiation is 1 
to 2 per cent greater than the measured amount. 

Abbot (20) computed the excess of the solar constant 
value over the sum of the measured intensity of direct 
solar radiation, diffuse sky radiation on a horizontal 
surface, and the computed absorption of solar radiation 
by the atmosphere. He found that, expressed in per- 
centages, on Mount Whitney the excess was only 0.43; on 
Mount Wilson, 2.0; and at Bassour, on September 5, 6, 
end 7, 1912, about three months after the eruption of 
Katmai Volcano in Alaska, the excess was 14 per cent. 
Here, again, scattering and absorption by the gases of 
the atmosphere accounted for nearly all the depletion in 
solar radiation as it passed through the stmosphere, 


except at Bassour during the prevailence of the dust - 


cloud from Katmai Volcano. 

Abbot (21) has shown that pyrheliometric measure- 
ments made on high mountains where there is little dust 
will show the nature of variations in the value of the 
solar constant. Therefore, the value to meteorologists 
of careful measurements of solar radiation intensity is 
apparent. It must be emphasized, however, that instru- 
mental readings should be given in units of some known 


a scale, such as the Angstrom scale, or the 
mithsonian pyrheliometric seale of 1913. The relation 
between these two scales appears to be well known (6), 
so that radiation intensities expressed in one are readily 
reduced to the other. 
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THE RELATION BETWEEN SOLAR RADIATION AND AIR 
TEMPERATURE 


Angstrém (22) has shown the relation that exists 
between radiation and temperature. . Briefly, the diurnal 
marchof both radiation and temperature may be expressed 
by a Fourier series, the first, constant of which gives. the 
annual mean, and the constant of, the first harmonic. the 
annual smplitude. 
‘For Washington, the equation for the mean daily 
radiation receipt on a horizontal surface from the sun 


sky is 
Qm~335.4 + 171.4 cos(0, + 13.1°) — 20.0.cos(20, + 3.4°), 


where 6=0 on July 5. After depletion by reflection, by 

ss of evaporation, and by re-radiation from the 
eated surface of the earth, the radiation available for 

heating the atmosphere is expressed by the equation 


Q7=32.2+ 106.4cos(8, + 10.0°) — 22.3 cos(20, — 33.0°) 


The corresponding equation for the mean daily tem- 
perature is 


Tm = 12.8 + 12.3 cos(8 — 15.5°) + 0.3 cos(20, + 45.9°). 


In case of continuous snow cover from December to 


February, inclusive, the radiation equation becomes 


Q,= 10.9 + 132.3 cos(6,—0.3°) — 37.6 cos(20, —49.4°); 
and the temperature equation becomes 
T,=10.0+ 15.3 cos(@,—15.5°). 
Similarly, we obtain for continuous sunshine 
19.4+ 16.7 cos (0, — 15.5°). 


From the above it appears that a continuous snow 
cover during the winter months would lower the mid- 
winter temperature nearly 6° C., while continuous sun- 
shine would raise min-summer temperatures 11° C. 

Such equations are of value not only in climatological, 
but also in thermodynamical studies. 

For example, Angstrém found the annual term for Qr 
at Stockho to be minus. Therefore to maintain 
uniform temperatures from year to year heat must be 
conveyed through horizontal atmospheric convection 
from low latitudes to high latitudes. 

It becomes apparent that several factors besides the 
incoming radiation require careful measurement, such as 
the albedo of the surface of the earth, the rate of evapora- 
tion from the surface of the earth, and the intensity of the 
outgoing radiation at all’ seasons of the year and hours of 
the day. Angstrém (23), (24) is now making valuable 
contributions along these lines. 
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TORNADOES IN VIRGINIA, 1814-1925 
Atpert W. 
[University of Arkansas, Fayetteville, Ark.] 


_.The compilation of a record of tornadoes and the con- 
struction of a tornado map is a difficult and unsatis- 
factory task. Not only are the necessary data ed 
scattered, but when. assemblage from all available 
sources has been completed many interesting and often 
essential details are lacking. The phenomena involved 
are exceedingly transient, and the destructive results 
are quickly healed by man and nature. Therefore, 
unless the affected area is soon visited by a competent 
observer, much of the interesting detail and many of 
unusual features are permanently lost, or survive only in 
the memory of the local inhabitants, always an uncer- 
tain index of what occurred. | 

Another difficulty is in interpretating —— the 
character and motions of the destructive winds. Thun- 
derstorm squalls may do considerable local damage lead- 
ing to the belief that they were tornadic, yet they lack 
the gyratory motion of tornadic winds and can not be 
classed as such. Trained observers can readily detect 
the difference from the position and attitude of the 
débris, but unless a storm causes great property damage 
or casualties the area is rarely visited by such observers. 
In the following account ‘an earnest effort has been made 
to exclude all storms that did not exhibit the phenomena 
characteristic of tornadoes. 


ages for the collection and recording of weather data. 
e record is believed to be fairly complete since 1870, 
although probably a number of mild tornadoes in country 
districts have not been recorded. _ 

In the preparation of the data all available sources 
have been utilized. Files of old newspapers have been 
consulted and clues have been profitably followed up by 
— correspondence. The records of the Weather 

ureau office in Richmond have been placed at the 
writer’s disposal by Mr. E. A. Evans, in charge of that 
office. A number of accounts have sppeeree in the 
MontTHiy WEATHER Review, and Mr. H. C. Hunter, of 
the Weather Bureau, has kindly assisted in making avail- 
able from the files in Washington the record of a number 
of occurrences. The reports by Mr. J. P. Finley pub- 
lished in 1882 and 1885 by the United States Signal 
Service have supplied information concerning a number 
of Virginia tornadoes, and Mr. Finley has kindly supple- 
mented this with details regarding 22 more recent occur- 
rences. The annual reports of the Chief of the Weather 
Bureau, particularly for the years 1896 and 1897, have 


also yiel ed valuable data. 


Table 1 gives’all obtainable data for the 63 tornadoes 
recorded in Virginia to January 1, 1925. The order is 
chronological. The numbers in the first column are those 


The record for the earlier years is necessarily meager of the tornado tracks the location and relative length 


and brief due to uncertain and difficult means of com- 
munication, smaller population, and absence of a suitable { 


of which are shown in Figure 1. 


(23) —< Anders. 
1925. The albedo of various surfaces of ground. Geo- 
i Annaler, Arg. 7..H. 4, 323-342. Stock- 
(24) Angstrom Anders. 
925. Evaporation and precipitation at various latitudes 
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TaBLE 1.—Tornadoes reported in Virginia; earliest record (1814) to close of 1925 
Number of 
persons 
No| Date County Time bine of | Tornado Property loss and remarks 
Killed |Injured 
25, 1814 | Loudoun 3:30 NE Feit00 Funnel HM 
2 | July 27,1816 | Henrico----... 2 1,000 |2..do to tuildings 33,000). 
May 16, 1834 | Isle of Wight 5 2800 |._.do deste yed, _ timber. 
ay 16, 1834 | Of Wignt....- ve dings ro 
if cro met in west 
June 21, 1834 | James City 3 | 1,200 |. Cone 1} Hea wo. crops. Damage to 
4| June 21, 1834 | 4ames City....... .8 p. ea 
buildings (85,000). Loud roaring 
noise. 
5 | Mar. 4,1842 | Cumberland. | Two:clouds met in the West. 
6 | Mar. 19, 1857 | Isle of Wight___._ Heavy damage to crops. 
7 | June 25, 1874 | Smyth 
8 | Aug. 23, 1875 | Norfolk Hail before tornado. 
west. 
11 | May 8,1878 | Bunker Hill.:.:...) 8 Heavy. damage to timber; fallen trees 
OC. 
yet Hail before tornado. 
Dinwiddie.....-.. Ford’s Station...) 1:20 p. m..| 10-900 | Heavy damage to timber and crops; 
and hail tornado roaring no 
Dover Mines 1__../ 4p, m.....} SE........-- 28 Tecxible noise. Light objects 
carried several miles. 
16 | Apr. 3,1879 | Denniston 3p. m....- 5 3 | Severe damage to crops: ’ 
June 25, 1881 Rockingham Port Republic... Pin NE..... |3,000-6, 000 }. Severe 
18 | Aug. 13, 1881 | p. m.__.- 15 | 244 mile. | Cone...... sd Heavy damage to crops. Houses un 
buildings damaged. Hail. 
io | May 11, 1902 | Seutheast Severe damage to crops. Several resi- 
State. dences and Reems destroyed 
Ches ; Ca. buildings da 
91 | Aug. 21, 1884 terfield 6p. 12 $7,000 T vines to trees and build- 
ngs 
22| Apr. 3, 1884 | Campell......... Evington... _..... 8p. m....- BN. 8 #1,800 | Basket....|........ 2 amage crops. Several 
23 | July 18,1886 | Lunenburg....---| Northern part....- 290 |) damage to timber. Several 
July 23,1886 | fe ville 5 m..... 6 2800 |...do......- 1 3| Severe dam crops. Se 
25 | Sept. 12-13, |----- do.......-.--- Ononcock -.......- TER, 5 100-250 |. .do__. Severe damage to and crops. 
ud r no 
Apr. 18,1887 | Myrtle_........... 6:30 p. 6)| 900-600) 2 5 | Severe damage to crops. Many houses, 
e, 
9g | July 23,1887 | Cloud did not touch earth. 
29 | Aug. 12, 1887 | Rockbridge... 10 to crops; several b build- 
unroo: amage, 
May 31, 1888 | Nansemond_.___. Buckhorn 4p-mis-.| _15 | 900+1,320.|.. .do./.... 3 
4 July 8, 1888 | Hume}. 950 22,640 4 crops: Two clouds 
e wes 
Aug. 12,1888 | Rockingham... -| Cherry Grove !....| Evening_.| Easterly.... 10 21,320 | Cone____. Crops, hou and barns destroyed. 
Sept 20, 1888 Southampton_....| ge breil 4 pom. 21,320 | F 1838 Out destroyed. 
Nansemond -- Elwood... 420 ENE... 4800 |... .do.....- 1 3 
damage to 
36 | Sept. 20, 1888 | Orange... Unionville 1... 7 400-600 |...do.... . 1 3 | Very destructive, many buildings 
a7 | May 11,1889 | Cumberland... -| Northern part.__.. 10 2 ‘1 |, Small damage. 
38 | May 14, 1889 | Danville. 330 p.m__| 18 Heyy | . Damage to 
4 Ings ai 
t ings damaged. 
49 May 20,1896 | South Hill. 5:30 p. m._} N.....- .| Damage, $2,000. 
George. 
42 Aug. 18,1904 | Albemarle... .___- Owensville... .. P, m.....-| Easterly......| 10 22,500 | 1 Severe damage to buildings, crops, at and 
43 Feb. 21,1912 | Bremo Bluff. 8:30 p. m..) SW. curving and stables unroofed; timber 
NW. own down. 
j unroo 
F mo 
48 Aug. 3, 1015 | Petersburg. 2:30 p. N. and NE_1_| Dam to timber, ber and. sever 
60 | Oct. 20,1917 | Jarratt. 2900 Heavy damage to crops, and severe 
alah , damage Estimated 
1 Near About. ¥ Giles ‘Albert A Virginia Tornado, Moremi 1918, pp. 400-464. 
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The record previous to 1870 includes only six tornadoes, 
with none reported for the decades 1820-1830 and 1860— 
1870. Since 1870, 57 have been reported. The apparent 
increase is not due to greater frequency of tornadoes, but 
to increase in population, in facilities for obtaining 
reports, and a more intelligent popular interest in the 
weather. Table 2 shows the annual number of tornadoes 
from 1814 to the close of 1925, the years without them 
being omitted. 


TaBLE 2.—Total number of tornadoes lea each year in Virginia, 
1814-192, 
Year Number Year Number 
1834 2 || 1896. 2 
1875.12... 5 1 |} 1915 2 


The average yearly frequency, 1814-1925, was only 
0.56. From 1870 to the ‘loan of 1925, a period when 
reports may be considered to be reasonably complete, the 
annual frequency was 1.02. And for the period 1916- 
1925 it was 1.4. 

Virginia is not a leader among tornado States, but ex- 
periences enough of these storms to warrant the keeping 
of accurate tornado records. Table 3 compares tornado 
frequency in Virginia with that in several other States 
having roughly similar areas. 

50037—27——2 
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| TaBiE 1.—Tornadoes reported in Virginia; earliest record (1814) to close of 1925—Continued 
Number of 
by ' Direction of | Length; Width of | Tornado 
No. Date - County Place Time movement |ofpath} path cloud Property loss'and remarks 
, Killed |Injured 
Miles Feet 

. short-lived, moderate energy. 

| July | Cobham 2 #1, 800 Quly slight damage. 

houss demolished, ancther damaged. 
Total damage, $5,000. 

56 | Aug. 7,1922 | Ivy........ 10 92, | Timber, crops, and several buildings 

. damaged. Estimated damage, 35,000. 
57) Apr, 30,1924 | Amelia....... .--| Maplewood 5:30. p.m.) 10 300-900 1 12 | Severe damage to crops. Forty build- 
ings damaged or destroyed. Esti- 

Wh) mated loss, $20,000. 

58 |...do.........| Greensville.__.:..| Pleasant Shade §__| 5 p.m_.._. $125 One building destroyed; damage, $1,000. 

lis Tornado short-lived; slight energy. 

July 2,1925 ; Shenandoah... Mount Jackson...) Severe damage to orchards and crops 

by hail and wind. Tornado poten- 
amage, 

60 | July 4,1925 | Pittsylvania__.__. Mount Hermon.../ P. Severe damage to crops; several build- 
ings comoant. Two funnel clouds 
converged. 

61 | July 26,1925 ; Nansemond._....| Holland 1___......} 4 16 5 Peavy to crops; several build- 

s destroyed. 

232. Spotsylvania Fredericksburg!_..| P. m______ Small damage to buildings on one 
farm. Funnel cloud dipped down 
and swept across one farm. 

63 | Sept. 16, 1925 | Pittsylvania......| Whittles_....._. NE Church destroyed; dozen buildings 

‘ f damaged; small damage to crops. 
damage estimated, $6,000. 
‘ Giles, Albert W.: The Charlottesville, Virginia, Tornado of Aug. 7, 1922. MonTHLy WeatHer Revirw, August, 1922, pp. 426-427. 
‘ Hunter, H. C.;, Tornadoes from Arkansas to Virginia, Apr. 29-30, 1924. MoNTaLy WEaTaER Review, April, 1924. pp. 207. 


TaBLE 3.—Tornado frequency in Virginia and in a number of other 
States. (After Finley ') 


Number of 
State Area recorded 
tornadoes 
Square 
miles 
New York. . 49, 204 i44 
es) 
Mississippi. ace 46, 865 138 
. <a 48, 506 71 
Oklahoma 70, 057 149 


1 Fialey J P.: Tornado occurrences and distributions. The National Underwriter, 
Apr. 1, I 


The tornado is typically American, and finds its real 
home in the great central lowlands of eastern United 
States. About 4,700 tornadoes have been recorded in 
the United States, nearly all occurring east of the Rockies. 
Uniformly distributed over United States, this is an 
average of 15.6 per unit area of 10,000 square miles. 
Virginia has an average of 14.8 for the same unit area. 
Tornadoes have been recorded in ——— in every month 
except January. (See Table 4.) [ifty-five and four- 
tenths per cent of the reported tornadoes were confined 
to July, August, and September. May is also a tornado 
month. The number in June shows a marked decrease 
over the month preceding and the months following, an 
abnormality difficult to explain. Tornadoes are rare in 
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autumn and early spring. March and April, tornado 
months in the Mississippi Valley, include only 8, or 12.7 

er cent, of those recorded in Virginia. October, with 
its three tornadoes, 4.8 per cent, shows a marked decrease 
over September. 


TaBLe 4.—otal number and percentage of tornadoes recorded in 
Virginia by months, 1814-1925, inclusive. 


Per- Per- 

Month Number centage Month Number centage 
February............. 1 ll 17.5 

ll 17.5 || 0 0 

63 100.0 


The occurrences by hours (so far as known) of torna- 
does in Virginia are contained in Table 5. 


Tasie 5.—Hourly frequency of tornadoes in Virginia, 1814-1926, 
inclusive 


A.m. P.m. 
Total Per- Total Per- 

Hour number | centage Hour number | centage 
0 0 2 4.8 

42 100.0 
The hour of occurrence of 42, or two-thirds, of Virginia 


tornadoes is known. Of the remaining 21, or one-third, 
12 are known to have occurred between noon and mid- 
night. Only 2 are known to have occurred between 
midnight and noon. The maximum is attained between 
4 and 5 in the afternoon, with a rapid decrease in number 
before and after that hour. Nine of the 42 are reported 
as having occurred after 6 p. m. and only 6 before 3 p. m. 
This indicates a sharp increase after 3 p. m. and a more 
gradual decrease after 6 p.m. The “danger hours’ are 
clearly between 3 and 6 p.m. 

Tornadoes have not been uniformly distributed over 
the State. There is a marked tendency toward grouping 
in the southern Piedmont and southern Coastal Plain. 
West of the Blue Ridge they have been very rare, and 
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they are sparsely spaced in the northern Piedmont and 
northern Coastal Plain. In the Coastal Plain province 21 
have been recorded, in the Piedmont 31, west of the Blue 
Ridge, 7. Four crossed the fall belt from the Piedmont 
into the Coastal Plain. The localization of Virginia 
tornadoes essentially in the Piedmont and the Coastal 
Plain is brought out on the map (fig. 1). The reason for 
this concentration may be as follows: The tornadoes 
developed typically in the southern and southeastern 
parts of elongated Lows with major axes, along which the 
wind-shift line is well developed, extending northeast- 
southwest. Hence the typical translation of the tornado 
northeastward (38 out of the 63 reported in Virginia 
moved thus) in these sectors of the Low with the general 
northeastward progression of the Low itself, and hence 
also the typical occurrence of the tornado near the wind- 
shift line. With the passage of the wind-shift line 
eastward the cooler westerly and northwesterly winds 
blow across the mountains over the warm air currents 
moving northeasterly at the surface of the Piedmont and 
Coastal Plain. The differences in direction of movement 
of the air currents and temperature contrast, together 
with local convection, are favorable both to thunderstorm 
and tornado development. These contrasts should 
become more marked southward due to increase in alti- 
tude of the Appalachians and to higher temperatures of 
the surface currents. This seems to explain the increase 
in tornado frequency southward in Virginia and in the 
econ and Coastal Plain of southeastern United 
tates. 

Six tornadoes moved eastward, 8 southeast, 1 south or 
southwest, 1 northwest, and 3 northward. The direc- 
tions of movement of 6 are unknown. Data are not at 
hand to explain departures from normal direction of 
translation. Eastward and southeastward movements 
are alien ns in some cases when the tornado develops 
in the southwest quadrant of the Low, where the pre- 
vailing wind direction is from the northwest. vial 

The length of paths pursued by 21 of the tornadoes is 
not known; of the remaining 42 the average length of 
path was 11 miles. Rarely were they more than 12 
miles long, and 12, or 28 per cent, were 5 miles or less in 
length. The tornado of Se tember 12, 1878 (No. 14), 
that passed through Fords Station in Dinwiddie County 
had a path 45 miles long, and that of August 3, 1915 (No. 
48), traversing east Dinwiddie County, had a path 40 miles 
long. The length of the path of the Nottoway tornado 
(No. 10), was 35 miles, and of the Goochland tornado 
(No. 15), 28 miles in a southeast direction. The other 
tornadoes had paths of 20 miles or less in length. 

The widths of 44 tornado tracks in Virginia averaged 
930 feet, while the average width of American tornado 
paths (zone of severe destruction) is 1,200 feet. Only 
5 of the 44 had paths as wide as 2,500 feet, only 11 had 
paths wider than 1,200 feet, and 13 had paths 500 feet 
wide or less. 
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Of the 100 counties comprised in Virginia, 39 have been. 


visited by tornadoes. Those most affected lie in southern 
and southeastern Virginia. The following table shows 
the distribution by counties: 


TABLE 6.—Distribution by counties of known tornadoes in Virginia, 


1914-1925 

2 | King 0 
0'| 4 
Cumberland... 2 | Prince George. 3 
0 | Rockbridge... 1 
2 | 2 
0 | Spotsylvania. 1 
& 3 | Westmoreland. 0 
King and Queen _________- 1 


Pittsylvania County, in the southern part of the State, 
leads in tornadoes, having experienced 6, including the 
most destructive of all Virginia tornadoes, the Gretna 
tornado of October 29, 1917. Amelia, Dinwiddie, and 
Nansemond Counties have each been visited. by 4. Albe- 
marie, in the central part of the State, Chesterfield, Isle 
of Wight, and Sussex Counties, in southeastern Virginia, 
have had 3 each. The eastern shore has been visited by 
2 tornadoes, both in Accomac County, and the same num- 
ber has visited 10 other counties. ‘Twenty counties have 
had but a single visitation. Counties thus far immune lie 
chiefly in northern Virginia and west of the Blue Ridge. 

In 37 Virginia tornadoes a distinct tornado cloud (31 
reported as funnel-shaped, 4 as cone-shaped, 2 as basket- 
shaped) was observed. In those tornadoes in which no 
such cloud was seen, tornadic violence was strongly 
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attested both by wind —— and destructive effects. 
The presence of a tornado cloud is likely to be overlooked, 
especially after nightfall and during the heavy downpours 
of rain accompanying most Virginia tornadoes, see 

oud is 


are indoors and the rapid passage of the tornado 
not observed. 


_ In rural sections the destructive effects of tornadoes 
are difficult to evaluate. The tornado sweeps through 


fields and woods, destroying outbuildings, crops, and 


timber. The outbuildings are quickly repaired by local 
labor, crops are replanted unless the season be too far 
advanced, and the fallen timber is converted into lumber, 
sts, and firewood, with little thought of estimating 
nancially the total destruction. In only a few storms, 
the most destructive, has there been any attempt to 
appraise the financial loss. The Gretna tornado, Pitt- 
oo County, October 29, 1917, destroyed property, 
chiefly buildings and dwellings, valued at $50,000. This 
was the most destructive Virginia tornado. The Mount 
Jackson storm of July 2,.1925, caused a loss estimated at 
$150,000, but it is apparent from the newspaper reports 
that hail and squall winds were responsible for much of 
the damage, confined in large part to orchards. 

The tornado that swept through Maplewood, Amelia 
County, on April 30, 1924, damaged buildings and crops 
to the extent of $30,000. The Myrtle, Nansemond 
County, tornado of April 18, 1887 (No. 26), and the Jar- 
ratt, Sussex County, tornado of October 29, 1917 (No. 50), 
were $10,000 storms, and the Whittles, Pittsylvania 


County, tornado of September 16, 1925, damaged build- 


ings and crops to the extent of $6,000. The Petersburg 
tornado of August 3, 1915, was responsible for damage in 
excess of $10,000. The damage resulting from other 


‘Virginia. tornadoes apparently amounted to $5,000 or 


less for each occurrence. A conservative estimate of the 
total damage resulting from all tornadoes in Virginia is 
not less than $300,000. Pittsylvania County has been 
the greatest sufferer, with Amelia, Nansemond, and 
Dinwiddie sustaining severe losses. Years of severest 
damage were 1878, 1886, 1887, 1888, 1915, 1917, 1924, 
and 1925. 

The loss of life from tornadoes in Virginia has been 

atifyingly small. Of the 63 tornadoes, 11 resulted in 
atalities, claiming a total of 17 persons either killed out- 
right or dying subsequently from injuries. The list of 
injured shows a total of 82 persons, although this number 
is prone an underestimate, for cases of minor injuries 
are not likely to be reported. Twenty-five of the tor- 
nadoes resulted in injuries. In the Manchester tornado 
of July 27, 1816 (No. 2), 2: were killed and 3 injured; 3 
were killed and 4 injured in the Smithfield tornado of 
May 16, 1834 (No. 3), and 2 were killed and 5 injured 
in the Myrtle tornado of April 18, 1887 (No. 26). On 
July 8, 1888, 2 were killed and 4 injured in Fauquier 
County (No. 31), and on May 11, 1889 (No. 37), 2 were 
killed and 1 injured in Cumberland County. The 
Gretna tornado (No. 52) resulted in the loss of 1 life 
and injuries to 3, a remarkably small casualty list con- 
ag the intensity and destructiveness of the tornado. 
The Maplewood tornado of April 30, 1924, resulted in 
1 death and injuries to 12. The average death toll has 
been 0.27 persons for each tornado, with 1.30 persons 
injured. The following table shows the number killed 
and injured per year. 
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TABLE 7.—Number of led. or injured in Virginia by tor- 


1814-1925, inclusive 


Year Killed | Injured || 


Table 7 indicates that the danger from tornadoes in, 
Virginia is not great... Moreover, it has been computed, 


MONTHLY WEATHER REVIEW 175 
that in the tornado States in the Mississippi Valley the. 


probability that a farm the sizeof 1 square mile will be 
struck by a tornado, is less than one-sixteenth of 1 per 
cent, per century... The area of Virginia is 42,617 square 


miles. The tornado frequency per year since 1870 is. 
1,02; therefore the chance that.,a.tornado, in any.year 


may, cross particular locality 1, mile square is 
42,627/1.02. This is one chance in 41,000, and. hence is 
scarcely worth.considering. The probability of tornado 
destruction of life or property is far less than that from 
lightning and fire. And so far as life is concerned, the. 
tornado is not to be remotely compared with the ubiqui- 
tous and space-defying automobile.. 


THE ILLINOIS TORNADO OF APRIL 19, 1927 ae ah 
By Cuarence J. Roor, 
[Weather Bureau, Springfield, M1.) 


‘Tilinois has had another long-path tornado, the fifth 


of more than 100 miles within the State to occur during 
the last 10 years. In its course it caused 21 deaths, the 


known injury of 183 persons, and estimated property 
losses of $1,369,500. 


At 7 a. m. of the 19th a trough of low pressure lay 


west of Illinois. The isobar of 29.60 inches inclosed an 
elongated area extending from western Lake Superior 


to eastern Kansas. The center (29.50 inches) was at 
St. Paul. Southerly winds and mild temperatures were 
general in the Mississippi Valley as far north as Minne- 
sota. This was in direct contrast with the condition 


that obtained at the time of the tri-State tornado of 
March 18, 1925. At that time northerly winds and low 
temperature north of the tornado track met the warm 
southerly winds that prevailed to the southward. By 
7p. m. of the 19th the center of the low-pressure area was 
north of Lake Superior, thunderstorms had occurred over 
northern and central Illinois, and the winds were west 
at Springfield and northwest in all of western Illinois. 
At Springfield the wind veered from south-southeast pre- 
ceding the storm to southwest immediately after, and 
later to west and northwest. It is very evident that the 
tornado occurred on the shift line. 

At the time the tornado passed Springfield it became 

uite dark, and excessive rain and some hail fell. The 
clouds moved from the south and were angry and turbu- 
lent in appearance. In the southeast some white scuds 
appeared. During the forenoon poorly defined mam- 
mato-cumulus clouds were observed. On April 4, 12, and 
the morning of the 19th the barograph showed changes 
typical of tornadic conditions, but nothing happened. 


About the time of the tornado the barometer fluctuated 


considerably. From noon until a little after 1:00 p. m. 
it fell rapidly, but not suddenly, 0.11 inch, then rose 


suddenly 0.10 inch, after which it fell and rose a little. 


before 2:00p.m, 
According to the section director for Missouri the 


tornado had its inception 4 miles southwest of Apex, 


Lincoln County. . It moved 7 miles in’ Missouri, injurin 
12 persons and doing considerable damage; then crosse 
the Mississippi River into Illinois. It passed in a north- 
east direction over a nearly straight course through the 
counties of Calhoun, Greene, Macoupin, Morgan, Sanga- 
mon, Logan, De Witt, apparently terminating near the 


Ford-Livingston boundary line, a total distance of about 


170 miles. 


“Two lives were lost'in Calhoun’ County, the narrow 


ninsula between the Illinois and Mississippi Rivers. 
he storm passed one-half mile northwest of Hardin and 
crossed Greene County with no skipping, passing one- 


half mile north of Carrollton, the county seat, and 
damaging farm properties across the county. Three 
persons were killed southwest of Carrollton, including 
that brave young teacher, Miss Annie Keller, who 
sacrificed her life in the effort. to save the lives of the 18 
pupils in the school building, none of whom was seriously 
injured. ‘The pupils were directed to take shelter under 
the seats. Four persons were killed near Wrights, and 
one near Athensville. The path of the storm then led. 
across the northwest corner of Macoupin County and 
the southeast corner of Morgan County, passing one- 
half mile northwest of Waverly, and entered Sangamon 
County southwest of Loami. It passed only one-fourth 
mile southeast of that town. A death occurred 2 miles 
east of Loami. In Sangamon County west of the 
Springfield-St. Louis highway (route 4) the property 
loss was $65,000. Three buildings at the highway were 
damaged about $6,000. 
Representatives. of the Springfield Weather Bureau 


office visited Buffalo Hart, Cornland, Riverton, and the 


zone south: of Springfield... The) next damage was in a 


built-up section: at the extreme southeast of Springfield, 


immediately outside the city limits. The path here was 
not over 300 feet wide. One house was moved 7 feet, 
and seven others had minor damage, ‘Soon after leaving 
Springfield the ‘tornado seemed. to lift and after passing 
over a portion of Riverten struck the northeast part of 
that place, demolishing seven dwellings, mostly miners’ 
cottages, damaging about.a dozen more, six of them badly, 
with loss estimated at $10,000; then striking the Pea- 
body Coal Mine it caused damage to the extent of about 
$40,000. Buffalo Hart was the first town to lie directly 


‘in the path ofthe storm. This hamlet is in the woods 


known as ‘Timberland.’ The tree destruction was 
severe. The elevator was turned over, the depot and 
store partially wrecked, but the church escaped. Five 
residences were destroyed, five badly damaged, and 
only one escaped serious harm. There were three deaths 
here and nine were injured. ‘The money loss was about 
$35,000. For the next 30 miles the path followed 
directly or closely. the Illinois Central Railroad. 


Cornland, 3 miles from. Buffalo Hart, was the only 


center of population of importance that felt the full fury 
of the storm. The path of severe damage, about 1,000 
feet, covered all but the south edge of the town. The 
total width of the path here was about 2,000 feet. Of 
the 48 residences, 5 were very little harmed, 7 were a 


total loss, and the other 36 received ‘varying degrees of 


damage. The 2 churches and 5 stores were destroyed, 
the bank partly’ wrecked, but the 2 elevators, depot, and 
2 school buildings received very little injvry. The total 
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damage was at least $100,000. T'wo persons were killed 
and five injured. Considering the destruction at Corn- 
land, it is remarkable that there were no more casualties. 
After leaving Cornland the path lay south of Lake Fork, 
just at the south edge of Mount Pulaski, through Chest- 
nut, at the north edge of Clinton, within 1 mile of the 
courthouse. The tornado passed through one corner of 
Le Roy, causing a loss of $100,000, including the damage 
to the high-school building; then it moved on between 
Arrowsmith and Saybrook. A number of persons were 
injured in the Le Roy school building. Two persons 
were killed near Mount Pulaski. At Chestnut it damaged 
property $60,000, including $10,000 loss to a modern 
two-story brick school; two of the pupils were killed. 
A farmer lost his life in De Witt County. 

Perhaps the most peculiar feature of this tornado was 
the manner in which it just missed cities and towns 
along its course, as indicated in the table below (Table 1). 
The tri-State storm of 1925 acted in a very different 
manner. Had the recent storm passed through the centers 
of popalasan listed in the table, the deaths and losses 
would have been several times greater. 


Tasie 1 
Distance 
Popula- 
tion (1920)| ines) 
1 From city limits. 


? Passed over part of Riverton, but struck northeast corner. 
3 One mile from courthouse. 


The path of the tornado varied in width from 200 to 
2,000 feet. In some parts of its course a funnel-shaped 
cloud was reported. A State official, from the sixth 
floor of the capitol building, saw a distinct funnel cloud, 
lifting from the ground at times. In the suburbs of 
Springfield, where the path was narrow, a witness, one- 
half block from the path, saw a small funnel cloud. At 
Buffalo Hart and Cornland, where the path was wide, we 
could find no one who observed such acloud. They spoke 
of boiling dark clouds, and some mentioned a cloud 
“rolling toward them.’ In connection with the May, 
1917, and March, 1925, tornadoes' the writer suggested 


} See MONTHLY WEATHER REVIEW, June, 1917, 45:294; August, 1924, 52:396; Novem 
ber, 1924, p. 542; April, 1925, 53: 144. 
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that the cloud was so close to the earth there was no room 
for the usual pendant portion. Here we have: Narrow 
path—funnel cloud; wide path—no funnel cloud. Hail 
fell in connection with the storm. 

The direction of movement was northeast 7° east, and 
there were only slight variations from that direction. 
In part, the time of passage was secured from train dis- 
ote aye being the time the wires went out. It passed 

ardin about 12:00 noon; Wrights, about 12:25 p..m., 
Waverly, 12:50 p. m.; Springfield, about 1:10-1:15 
p.m.; Buffalo Hart, 1:27 p. m.; Cornland, 1:30 p. m.; 
Clinton, 1:55 p. m.; Sibley, about 2:30 p.m. Some 
of these times are approximate, but using those that are 
believed to be exact it is found that the average velocity of 
translation, on a direct course, was 60 or 61 miles per hour. 
The Mattoon tornado of 1917 traveled at 40 miles per hour, 
and the great 1925 storm at 59 miles per hour. 

The storm was continuous over much of its track, but 
there was some lifting and skipping. There were not 
many evidences of explosive force. mat Buffalo Hart and 
Cornland trees and débris lay mostly to the northeast 
and north. In many cases, however, they lay to the 
southeast, and this appeared to be where the damage was 
most severe. We found no trees lying in the direction 
from which the storm had come. This storm lacked the 
severity of the great tornado of March, 1925. At Corn- 
land we saw a 1 by 5 board driven well into a window 
casing. A private garage was entirely destroyed and 
carried away, but a new car was not moved or even 
scratched; near Le Roy a barn was carried away, but the 
horses, tied to the manger, were left standing and unhurt. 
Derr fell at Alexander, 10 miles to the left of the storm 
track. 

The subjoined table (Table 2) is a statement by 
counties of the deaths, the number injured, and the 
property losses. 


TABLE 2 
Known | Orchard | Other 

County Deaths injured loss | property 
Lie 0 12 1, $20, 000 


TORNADOES IN ARKANSAS, 1879-1926 


By Harvey 8. 
[Weather Bureau, Little Rock, Ark.] 


SYNOPSIS 


The article presents three tables: One showing the place, date, 
and certain statistics regarding 225 tornadoes which occurred in 
Arkansas from 1879 to 1926; one showing the distribution of tor- 
nadoes by months and years; one showing the number of tornadoes 
by months from 1908 to 1926, the number of thunderstorms in 
Little Rock for the same period, and a comparison of tornadoes in 
Arkansas and thunderstorms at Little Rock. A chart showing the 
distribution of tornadoes over the State is given with arrows show- 
ing the direction of tornadoes at Fort Smith, Little Rock, Heber 
Springs, and Hot Springs. 

The chart and tables are discussed, also some of the larger fea- 
tures of topography and their probable effect on the courses and 


distribution of tornadoes. It is pointed out that tornadoes usuall 
form in the southeastern portion of the Low and move northeas 
ward; and reasons are given for the movement of some tornadoes 
in other directions and for the occurrence of tornado families. 


Records of meteorological data in Arkansas before 1879 
are very scarce, and if there are any concerning tornadoes, 
before that date the writer has not been able to find them. 
Table 1 includes the place, date, time, width of tips 
direction from which the storm came, the number kille 
and injured, and all obtainable estimates of the value of 
the property destroyed for all tornadoes in Arkansas of 
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which we have a record for the years 1879 to 1926. 
Table 2 gives the number of tornadoes by months and 
for years, also totals at the bottom for the entire number 
of years and for the years 1908 to 1926. Table 3 gives 
the tornadoes by months for.the period 1908 to 1926, the 
number of thunderstorms at Little Rock by months for 
the same period, the number of thunderstorms per tor- 
nado, and the number of tornadoes per year for each 
month of the year....... 

The data for Table 1 were obtained from the Daily 
Journal at Little Rock, Finley’s Tornado Studies of 
1884, Finley’s Character of 600 Tornadoes, and Clima- 


tological Data for Arkansas. The table includes a record 


of tornadoes at 225 different towns or communities from 
1879 to 1926. In some instances one tornado passed 
through several towns, all of which are named, in others 
the tornado passed through several towns or communities 
and only one of them is named. . From 1908 to 1926 the 
record is fairly complete, but it is thought that before 
that time only a small ‘portion of them were recorded. 
None was recorded from 1888 to 1891 or from 1902 to 


1907. From 1879 to 1907 the average number per year 
was 1.1, from 1908 to 1926it was 10.1 per year, indicating 


that the earlier record was incomplete. It is thought 
that the entire record should be used in determining 
the distribution by months, but only the.record from 
1908 to 1926 should be used 

per year. 

No equine in the“annual number of tornadoes is 
found. In 1908 there were 11; in 1909, 27; in 1910, 
none; in 1911, 2; in 1912, 11, ete. 

In the tabulation of tornadoes by months we find the 
numbers rather large in November, March, and April 
and June, small in the remaining months. The greatest 
number for any month for the 48-year period is 52 in 
March, 51 being reported in April, 45 in November, and 
39 for June. 

It is evident from Table 3 that the number of tornadoes 
for the different months does not vary as the number of 
thunderstorms at Little Rock.! Tornadoes are frequent 
from February to June, few in other months; thunder- 
storms are frequent from March to September. Thun- 
derstorms nearly always occur with tornadoes, but tor- 
nadoes are rare from July to October, while thunder- 
storms are more frequent in July, than in any other 
month, the numbers being large for the other. three 
months. The number of tornadoes in Arkansas and the 
number of thunderstorms at Little Rock for March 
and April were charted for the years 1908 to 1926 and 
lines drawn through the dots. A decided relation was 
found, the lines nearly always rising and falling together. 
There were six years from 1908 to 1926 with no tornadoes 
in these months, the number of thunderstorms being 
less than the average in five of them. Six of the seven 
9 having more than the average number of tornadoes 

ad more than the average number of thunderstorms. 

The places.at which tornadoes have been reported 
from 1879 to 1926 have been represented as nearly as 
practicable by dots on a map of Arkansas in Figure 1, 
two or more dots being placed near together when two 
or more tornadoes were reported at the same place. In 

laces where a tornado traveled a long distance a line 

as been drawn. — 

We find that more tornadoes have been reported in 
the more densely populated sections than elsewhere. 
There are three rather large areas with few dots, one in 
the northern mountainous portion, one in the’ mountains 
south of the Arkansas River, and one in the level portion 


1 This is true for the southern and southeastern States in general.—Ed. 
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in the southeast. All of these areas are sparsely popu- 


lated. The low, level area east of the highlands from 


the Arkansas Valley northward is well covered with dots. 


For the lack of reports of tornadoes farther south there 
seems to be no reason except the lack of population. 

Four dots appear at Fort Smith and Little Rock, three 
at Heber Springs, Hot Springs, Jonesboro, Ozark, Piney, 
Stuttgart, and Texarkana.. Fort Smith is west of the 
Ozarks, Little Rock just east of the foothills. Heber 
Springs, Hot Springs, Ozark, and Piney are in the moun- 
tains, Jonesboro, Stuttgart, and Texarkana are in the 
lowlands where contour can have no effect. Six of the 
places having three or more tornadoes are in the moun- 
tains or the edge of the foothills; only three in level 
country. 

Arrows have been drawn to indicate the direction of 
the paths of four tornadoes at Little Rock, in Figure 1. 
The tornado of October 2, 1894, moved directly from the 
west through the. business section. The other three 
moved from the southwest, the ones of June 5, 1916, and 
May 14, 1923; being about 4 miles west of the business 
district, the one of December 8, 1885, about 24% miles 
west. The storms of 1916 and 1923 were so near each 
other that they overlapped throughout most of their 
length. As nearly as we can learn all-of these storms 
stopped near the river bank, this being the only indica- 
tion of the effect of contour on the courses.of the storms. 

Arrows have been drawn in Figure 1 showing the direc- 
tion of the paths.of.four tornadoes at Fort Smith. The 
one of June 27, 1879,.came from the northwest, passing 
through the business district. The tornadoes of Jan- 
uary 12, 1898, May 28, 1924, and April 23, 1926, came 
from the west, two of them passing through the business 
district, the third through the northern edge of the city, 
2 miles from the business center. Tornadoes in Arkansas 
and Oklahoma nearly always move from southwest to 
northeast, but three of those at Fort Smith are from the 
west and one from the northwest. In this connection 
attention is called to the fact that the prevailing winds at 
Fort Smith are from the east throughout the year. At 
nearly all stations in Arkansas the prevailing winds are 
from some southerly direction during the warmer months, 
from the north or northwest during the remainder of the 
year. Itis pretty well established by Mr. T. G. Shipman 
and others that the unusual direction.of the wind at Fort 
Smith is due to contour—not the little local hills, but to 
Boston Mountain to the north, and passes between 
Mount Magazine and other mountains to the south and 
east. Boston Mountain extends nearly east and west 
for nearly 100 miles. It rises abruptly just north of the 
Arkansas River to an elevation of 2,000 feet or more 
throughout nearly its length, forming an abrupt barrier 
to southerly winds. Many more dots are found to the 
south and around the east and west ends of this mountain 
than just north of it, indicating that the mountain has 
some effect on the courses of the tornadoes. 


Arrows in Figure 1 indicate the direction of three tor- 
nadoes at Heber Springs. All of these came from the 
west-southwest, each one coming slightly nearer the 
business district, the paths of the three overlapping each 
other. Their direction is not quite the same as that of 
most tornadoes in Arkansas, and the one of November 
25, 1926, changed its course slightly, as it came from 
Greenbrier, due southwest of Heber Springs. The three 
storms passed over nearly the same ge in 17 years, 
moving in nearly the same direction. It is thought that 
currents from the southwest striking a sharp ridge like 
Boston Mountain would be deflected toward the east, 
the currents up to 2,000 feet or more being affected. 
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Are, 
10, Tornado, Mickles to Piney, April 18, 1920, 


This would probably deflect tornadoes somewhat to the 
east of the courses they would otherwise have followed. 
Dots are much more numerous just east, south, and west 
of Boston Mountain than they are north of it, which 
seems to bear out this opinion. It is probable, however, 
that Heber Springs is in no more danger of being in the 
path of a tornado than any other town in that section of 


the coun 
Arrows in Fi 1 also represent the paths of three 
tornadoes at Hot Springs. The one of November 25, 
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Fia. 1.—Tornadoes in Arkansas, 1879-1926 
Key numbers for tornado tracks: 
1. Tornadoes, Little Rock, December 8, 1885, October 2, 1894, June 5, 1916, and pieg 14, 1923, 
i 2, Tornadoes, Fort Smith, July 7, 1894, January 12, 1898, May 28, 1924, May 23, 1 
; 3. Tornadoes, Hot Springs, November 25, 1915, June 5, 1916, ane ‘september 3 1024. 
; 4. Tornadoes, Heber Springs, _ 29, 1909, June 5, 1916, and November 25, 1 
; 5. Tornado, McCreanor to Wal berg, Feb ruary 23, 1909. 
6. Tornado, Malvern to Galloway, March 8, 1909. 
7. Tornado, Mineola, Tex., to Mount Pisga "Settlemen Ark., 17, 1921. 
to Mars 21016. to and Jessieville to Greenbrier, November 25, 1926. 


1915, came from a little west-of south. It wasia severe. 


storm, doing great damage. Two men stood on North 

Mountain and watched. it movin: up the valle toward 

Hot Springs. The balloon-sha - oud moved steadily 
the r 


forward to the edge of town, opelike spout swaying 
from side to side as it approached. After redching the 
edge of town it changed its course a little more. toward 
the northeast. It crossed a series of ridges and ravines. 
As it moved up the side of a ravine the lower end.of the 
spout was ncinate off, but it built downward as it saint 
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down the next slope, reaching’ the ground again’ as it 
started up the next; this was repeated several times. 
When the spout reached the ground the débris would 
fly, when it started down the next slope the débris would 
fall out, but little damage was done until it started up 
the next slope. The same was noted in the storm at 
Heber Springs of November 25, 1926. A dwelling stood 
in a ravine across which the tornado passed. The upper 
ortion of the house was entirely destroyed, but the 
ower story was left standing nearly intact. The tornado 
at Hot Springs’ may have changed its course because of 
the mountains im front of it, but it crossed Indian Moun- 
tain a few miles northeast of Hot Springs. .The storms 
of June 5, 1916, and September 29, 1924, were from the 
southwest and passed phrongh the central portion of the 
town, but they were small, doing but little damage. 
The direction of movement of 123 tornadoes is given 
in Table 1. One hundred and two of these were from 


the southwest, 13.from the west, 4 from the northwest, . 


2 from the south, 1 from the north, and 1 from the north- 
east, the only directions not represented being the east - 
and southeast. The numbers of tornadoes from the 
different directions as shown in the charts in the annual 
report of the chief of the bureau seem to have nearly the 
same distribution. 
Tornadoes are nearly always formed in the southeastern 
uadrant of the now and follow courses slightly to the 
right of the isobars. Several tornadoes frequently form 
along the edge of the cold current that causes them. The 
current follows the isobars, but the eastward movement 
of the Low gives them a northeastward movement with 
arallel paths, thus forming tornado — s or families. 
hus tornadoes were reported in five localities on April 
18, 1880, in 11.0n.November 23, 1908, in 13 on March . 
8, 1909, in 7 on April 29, 1909, in 12 on March 20, 1913, 
in 34 on June 5, 1916, and in 27 on November 25, 1926. 
The cold currents come far enough south to cause torna- 
does in Arkansas from November to June, but very few 
have been recorded in other months. As the season 
advances and the courses of HIGHS and Lows move north- 
ward; the area of tornado activity also moves northward. 
The approximate time of occurrence is given for 140 
of the tornadoes in Table 1. One hundred and seven of 
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‘these occurred*from noon to midnight, 30 from midnight 


to noon, and 69 from 3:00 to 8:00 p.m. From 6:00 
p. m. to'8:00 p. m. seems to be the time of greatest fre- 


quency, 38 being recorded in those two hours, 35 being 


reported from 5:00 p. m. to 7:00 p. m., 31 from 4:00 p. m. 
to 6:00 p. m., and 25 from 3:00 p. m. to 5:00 p. m. 
The number of persons killed in Arkansas by tornadoes 


in the past 48 years as shown in the table is 549, or 11.4 


per year. The number reported injured in that time was 
2,246, and the value of the property destroyed over 
$6,000,000. A glance at the table will show that these 
numbers are probably far short of what actually occurred, 
especially the number of injured and the value of property 
destroyed. 

_ The average width of the paths reported is about 630 


. feet. Their lengths can not be determined with any 


certainty from the few reported, but they seem to be 
usually only a few mileslong. In tornado groups, several 
storms doubtless form near the same time, one northeast 
of the other. If is likely that the ones that form first 
die out first, the later ones successively increasing and 
then decreasing in intensity. This would give them such 
a distribution as we find in the storms of June 5, 1916, and 
November 25, 1926. 


CONCLUSIONS 
The distribution of tornadoes in Arkansas appears to 


be rather even except on the northern side of the higher 
mountains, where few have been reported. 


Small features of topography offer some protection. to. 
buildings when located behind hills or in ravines across” 
which the tornado passes. Protection should be against: 


storms coming from the southwest or west. Special care 
should be taken in November and March to June. 
Large topographic features, such as mountains rising 
abruptly 1,000 feet or more in front of tornadoes, seem 
to divert their courses. 

It is thought that one small town is no more apt to 
be in the path of a tornado than any other in that general 
section of the country, but that towns north of Boston 
Mountain are not as apt to be in the path of such a storm 
as towns east, south, and west of that mountain. 


Taste 1.—Tornadoes and tornado groups in Arkansas, 1879-1926 


. Place Date Hour Width From— Killed | Injured Damage 
: Feet 
Washington County_. Apr. 18,1880 | 8:30 p. m_......... 200 | SW....... 2 20 | $100,000. 
.--| Ape. 34,1688 | 0 3 | $50,000. 
Fort Smith, 15 miles 8 July 7, 1884 | 8:20 
Fort Smith Jan. 12,1898 | 12:08 a. m__....... 52 44 | $450,000. 
Jan. 11,1898 | 11 p. 0 0 | $2,000. 
July 2,1898 | lp.m 1 3 | One building destroyed. 
Forest City. Mar. 9, 1901 
do.. 
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TaBLe 1,—Tornadoes and tornado groups in Arkansas, 1879-1926—Continued | 
_ | Place Date Hour Width | From— | Killed | Injured Damage 
Feet 
2 
0 
$100,000. 
0 
1 5 
; 0 0 | $6,000. 
: 2 0 | $15,000. 
i 9 107 | $106,300, 
p. 
Apr. 6,1909 | 12:10 p. m......... 1,300 | 0 0 | $2,000. 
3 A 29, 1909 | 4:40 p. m SW 
Apr. “a, P. 300 | $30,000. 
Apr..(?), 1912 
| a] 2 13 | Considerable. 
i Aug. 8, 1912 | 11:45 p. Few. | SW. 22-2. 0 6 | $60,000. 
Mar. 1913 
ar. 24, 191 
4 : 10 45 | $300,000. 
3 0 55 
0 1 | $500. 
5 1 5 | $10,000. 
% 4 1 
i 1 4 | $8,000. 
0 | $5,000. 
1 | Several. 
i 2 22 | $15,000. 
| 0 3 | $1,200. 
0 
: 0 5 | Several houses, 
j 5 3 | $5,000. 
1 0 | $10,000. 
; 0 0 
1 16 | $20,000. 
ze? 0 0 | Several buildings. 
; 4 40 | $3,000. 
A 4 42 | $6,000. 
' 20 150 | $51,000. 
4 4 8 ,000. 
1 | Several. | House and crops, 
9 35 ,000, 
z 0 0 | $5,000. 
j 1 60 | $5,000. 
4 0 6 | $22,000. 
; 3 8 | $5,000. 
1 1 | $8,000. , 
| 5 2 
0 0 | $2,000. 
8 30 
; 5 6 | $20,000. 
4 10 | $50,000. 
2 6 
0 4 6 
Dec. 26, 1916 : 
Clark, Dallas and Graat Counties... Mar. 20, 1917 ae 6 | Several. | Much damage. 
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"Taste 1.—Tornadoes and tornado groups in Arkansas, 1879~1926-— Continued 
Place Date Hour Width From— Killed | Injured Damage 
Feet 
Wrightsville to Olena........... June 6, 1917 0 0 | $73,000 
Apr. 3,1918 Dy, 150 | 1 2 | $2,500. 
1,000 | 0 5 | $40,000. 
11:30 p. m-......... 0 10 | $4,000. 
Apr. 27,1918 |.10 p. m_..........-. 200 | SW.....-- 0 0 | $30,000, 
ay 10,1918 $8,000. 
Mar. 16, 1919 $40,000. 
Apr. 9, 1919 $10, 000. 
$25,300. 
A 1920 
Mar. 17, 1921 $10,000. 
0 0 
Apr. 26, 1921 0 0 | $10,000 
0 0 | $10,000. 
Sept. 7, 1921 ..-| Few houses. 
Dec. 1921 ine 6 15 
Mar. 14, 1922 vr 1 10 | $15,000. 
A. m 6 8 | $40,000. 
Mar, 20, 1922 |........ 0 0 | $5,000. 
0 0 5,000. 
$100,000. 
0 0 | $20,000. 
0. 0 
0 0 | $15,000. 
0 1 | $4,000. 
0 0 | $3,500. 
5 15 | $70,000. 
0 0 | $3,000. 
0 0 | $25,000. 
Wil se 2 li 
Crow Mountain «|.----d0 1 7 | $9,500. 
7:30 p. MW. 300 | BW......- 10 66 | $20,000. 
Portland _. 9:30 p. 300 | SW 0 2 | $3,000. 
Quitman... 5:15 p. 300 | 0 0 | $4,000. 
Sheridan, near 300 | W-SW.... 1 5 | $6,000. 
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TaBLE 2.—Monthly numbers of tornadoes in Arkansas, 1879 to 1926, 
with annual totals 


Year Jan. |Feb. July|Aug.| Sept.| Oct.|Nov.| Dec. = 
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Taste 2.—Monthly numbers of tornadoes in Arkansas, 1879 to 1926, 
with annual totals—Continued 
Year Jan.|Feb. Apr. |May/\June!} July Aug. Sept. | Oct./Nov./Dee. ~ 
Total, 1879- 
6 62; 51; 10; 39 45 225. 
Total, 1908- 
2 43; 40 38 2 43 192 


TaBLe 3.—Tornadoes in Arkansas and thunderstorms in Little Rock, 


1908 to 1926 
HE 

E 
Numiber of 40| 2 5 
Number of thunderstorms... 47 123) 176)| 179) 154) 44) 41) 25 
Number of thunderstorms per x 
COP 13. 0} 5.9) 2. 1)| 3.4)13. 7) 4. 0/46. 
Number of tornadoes per year_-| . 11) .42)2. 26)|2. 11) .47|2. .11 0)2. 26> 


THE ROCKSPRINGS, TEXAS, TORNADO, APRIL 12, 1927 
By J. H. 
[Weather Bureau, San Antonio, Tex., Apr. 20, 1927] 


The low-pressure area that passed over Texas from 
April 11 to 13 caused an unusual number of destructive 
storms. Reports of lives lost and property damaged 
ranged from Del Rio to Texarkana, across a section of 
Texas seldom visited by tornadoes. The storm that oc- 
curred in Edwards and Real Counties on April 12, prob- 
ui surpassed any previous record for this section of 

exas. 

This tornado first made its appearance on the Edwards 
Plateau, in the north-central portion of Edwards County, 
where it hit and practically destroyed the town of Rock. 
springs, taking a toll of 72 lives and injuring 200 more. 
About 235 residence and business buildings were de- 
stroyed, and property damage amounted to $1,230,000. 
But 12 houses were left standing and’6 of these were 
badly damaged. 

The path of the tornado was first observed 3 miles 
north of Rocksprings. It moved southeastward, passing 
directly over the town, with a destructive diameter 
ranging from seven-eighths to 14% miles in width, and 
about 8 miles long. It apparently jumped a hilly 
broken section of 25 miles and came to earth again in the 
south-central portion of Real County, passed near 
Leakey, where two people were killed and five injured. 
Here the path had narrowed to about one-fifth of a mile. 
Still moving southeastward, it next hit about 15 miles 
farther on, near Utopia, in the northeast portion of 
Uvalde County, where several buildings were blown down, 
but as far as known no one was seriously injured. 

The path of this storm is about 65 miles in length. 
Just how many miles of this distance that the tornado 
was sweeping the arenes will never be known. It passed 
over a very sparsely settled section of the State, most of 


its course being over rock hills with little vegetation. 
Houses are many miles apart and roads are few. 

On April 19, an attempt was made to follow and map 
the path of the tornado from an airplane. In some ways 
this was disappointing. The first indications of the 
storm were seen 3 miles north of Rocksprings, where all 
trees were down; the path passed directly over the town, 
continued southeast for 5 miles beyond, approximately 8 
miles in all, and then it was lost in rock hills. 

The counterclockwise whirl of the wind-tossed débris 
made the air view one of unusual interest from a meteoro- 
logical standpoint. Numbers of trees fell to the south 
and southeast, others fell to the east, and a few fell to 
the northeast and north. A rough estimate made while 
circling 2,500 feet above the tornado path indicated that 
70 per cent fell to the south and southeast, 20 per cent 
fell to the east, and 10 per cent to the northeast. and 
north. Débris from isolated houses on the south side of 
the town were strewn in a wide arc that curved counter- 
clockwise. The town site of nearly a square mile re- 
vealed grim evidence of the terrific force of the tornado. 
Tangled wreckage was piled around the larger buildings, 
while acres of ground where lighter buildings stood were 
swept bare. 

The path of the storm was followed with, difficulty 
where trees were small and scattered, and it was entirel 
lost 5 miles southeast of Rocksprings, nor could any evi- 
dence be found that it came to earth between Rocksprings 
and the dry canyon of the Frio River. No attempt was 
made to map the storm path from Leakey to Utopia, 
but reliable information indicates that the path was 16 
miles long and 200 to 300 yards wide. 
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_ There is some doubt about: the time that: the storm 
reached Leakey and Utopia: Some reported it to be near 
midnight. This would give the tornado a movement of 
less than 15 miles per hour, which is unlikely. Another 
tornado hit in Uvalde County about 60 miles south 
of Rocksprings the same night of the disaster; is reported 
to have traveled south and turned west, passing over an 
uninhabited section. It is possible that three separate 
tornadoes occurred. 
- Rocksprings is the county seat of Edwards County, 
with —— ation of about 1,200. It is an inland town, 
situated 39 miles from 4a railroad, upon a high, rolling 
plateau; the elevation is 2,450 feet. The surrounding 
country is devoted to livestock raising, wool, and mohair 
production. | J ts 
No town was ever nearer completely wrecked than was 
Rocksprings. The tornado hit at 7:50 p. m. without 
warning. The day had been rather warm and a thunder- 
storm, apparently of moderate intensity, was hanging 
north of the town, promising a spring shower. Just befure 
dark a fresh wind from the southeast dropped: to:a dead 
calm. The cloud to the north was noticeably red at this 
time and seemed to be swinging eastward. A few mo- 
ments later scattered hail '2 inches or more in diameter 
began to fall, increasing in-size to baseballs. The hail is 
described as being round but covered with bumps, and 
the noise of this hail aie on the houses was heard a 
half mile away, which was the first warning many people 
had of the approach of a severe storm. + AgiS 
People in different parts of the town describe the wind 
as blowing from different directions. Some state that 
for two minutes before their houses collapsed the wind 
was from the northeast or north and increasing in 
strength. Others say that from a dead calm a west wind 
hit their house, lifting it from the ground. The destructive 
wind lasted about one ‘and one-half minutes, but wreckage 
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yellowish; cloud over 
Thos 


motion of the tornado was 


expansion of, air, 
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‘continued to!move about for around 10 minutes or more. 


No rain fell until after the passage of the tornado and no 


‘measurement of the amount:was made, although a heavy 


electrical storm followed, with probably an inch of rain. 


‘Surrounding distriets received 2 to 3 inches. 


People 50 to 60 miles away observed a red, some say a 
No. funnel-sha 

cloud was seen from the tow e that happened to 
be looking at the sky to the north just before the tornado 


came state that the cloud seemed to dip suddenly to the 
ground near the:town. Hail was falling at this time and 


a great roar and 


ding noise was‘heard by all. A min- 
ute and a half Sate 


ater ‘but .12°buildings were standing. 


Numbers of buildings. entirely even to the 


foundations, leaving no trace of lumber or contents. 
Many injured people were further bruised and cut by 
heavy hail that continued’ to fall after the passage of the 
tornado, as no shelter was available. Concrete and stone 
failed to withstand the ‘terrific fury of the storm and 
heavily: constructed buildings: were left gaping ruins. 
The courthouse and post office partly escaped the tornado, 
but-eaught fire and 
Because of the unusually large diameter of the tornado 
to an observer viewing the débris from any one ground 


position it would seem that the damage was the result of 


a straight blow, but in reality the counterclockwise rot 
finitely indicated by the fali 
of the buildings and chimneys. Blocks of houses in the 


northern portion of the town fell to the south and south- 
east, while across the central portion they went to the east, 


and in the southern part of the town houses fell toward 


the northeast, with one going northwest. 


A cement church appeared, to have been wrecked by 
The, walls, were cracked or broken 
about 12 feet above the floor and bulged outward 1 to 3 


feet, although still standing. 


OBSERVING A TORNADO’S LIFE... 
By 'T. G. Sureman' 


The morning weather map of April 12, 1927, showed a 
shallow low-pressure area apparently with a western 
center in Arizona and an eastern one in Kansas. Pres- 
sure in Arizona was about 29.68 inches and in Kansas 
29.64 inches. Northward of this depression was a 
moderately strong nraH. Warm, sultry weather pre- 
vailed over the regions under the influence of the Low 
while it was’ much colder’ northward. A well-defined 
wind-shift’ line appeared over western Kansas. The 
evening map showed much the same weather conditions 
with the depression center farther south. Genera 
weather conditions were sluggish, local conditions warm 
and sultry, and the tornado which occurred at Fort 
Smith on 
and only moderate intensity. 

The tornado developed within one-quarter to one-half 
mile of the station, with the edge of the storm very near 
it, and was observed through its short existence by both 
employees on duty. .Only. weak instrumental. effects 
were noted at the station, which is unusual for such close 
proximity to.a tornado. Pressure showed a drop.of 0.04 
inch and a rise of 0.06 inch, about the average for a 
thunderstorm,.. The temperature, drop was small, 
the wind attained a maximum velocity of 24 miles an 
hour, with an extreme velocity of only. 34 miles an. hour. 
No wind velocity records were made within the path, of 
the tornado, but estimates from effects would place it at 
about 100 miles an hour. 


his date had avery slow progressive motion 


{Weather Bureau, Fort Smith, Ark., May 18, 1927], 


At 7:00 a.m. five-tenths alto-stratus 
west, five-tenths' alto-cumulus clouds from the south, and 


The sky was cloudy all day: Cloud ‘and surface 
records showed several air strata with directions. 
clouds from the 


a surface wind from the east were recorded. At 12:18 
p. m. ten-tenths: strato-cumulus clouds from the south- 


west and a surface wind from the southeast were recorded. 


At 4:20 


Pp. m., just after the tornado, four-tenths alto- 
stratus clouds 


with undetermined direction, five-tenths 


‘strato-cumulus clouds from the west, one-tenth cumulo- 
nimbus' clouds! from the west, with a surface wind from 


the northwest: were recorded: At. 7:00 seven- 
tenths strato-cumulus from the southwest, three-tenths 
cumulo-nimbus from the ‘southwest, and a surface wind 


‘from the northeast were recorded. All observations 
. were, made by the same employee and personal equations 


may be disregarded. Every wind direction was recorded 
n some air strata during the day either by cloud obser- 
vation or instrumental records. .Upper-air currents were 
seaiiniy to westerly as far as cloud observations showed, 
and surface currents easterly... This territory has con- 
siderable local, atmospheric stratification.' Six tornados 
have been. recorded at. Fort Smith, beginning with 1879. 


. Tornado signs appeared at about.4:00 p, m., central 


time. Heavy rains were noted, west of the station in 
Oklahoma just before 4:00 p.m. Seemingly very low- 


1 MONTHLY WEATHER Review, December, 1925, 53: 535-536. 
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lying scud was noted through office windows at 4:03 
p. m., just east of the station. Clouds moved in opposite 
ates pe one from the north and one from the 
south. se vi omey parallel currents were so arranged 
that if any right-hand deflection took place a dimuntion of 
p between them. After a short 
interval, a vortex apparently formed without a funnel 
cloud. Under the vortex débris rose, appeari i 

cinders or light trash ascending to the clouds. After 
observing this for about one minute both station employ- 
ees ascended to the roof of the Federal building for 
better observing. Open sky was noted to the north, 
east, and south near the horizon, but the horizon was 
obscured to the west. The break in the clouds near the 
horizon afforded an excellent opportunity for observation 
of the formation of the small but energetic tornado whirl, 
and the light from the break probably diminished the 
dark hue of the clouds as they seemed more slate- 


‘colored than tornado clouds are usually described. 


Light thunder and lightning were recorded near the 


beginning of the storm. 

The converging and turmoil of the clouds were ob- 
served from the roof of the building by Weather Bureau 
employees for about one minute. The movement was 
east-southeast. A short, heavy rain and light hail lasted 
about one minute at this time. After the ending of the 
rain, skies began to clear on the western horizon and 
darken on the eastern. 

The first actual destruction, as witnessed by Weather 
Bureau employees, took place at 4:04 p.m. Houses were 
reported damaged a little earlier at 814 Wheeler Avenue 
near Emma Street, at 4:02 or 4:03 p. m.  Unoffici 
reports from persons in the open indicated a cloud at this 
time, but it is hard to determine whether they saw a 
tornado cloud or the turbulent cloud activity, but the 
latter is thought to be the case. At 4:04 p. m. the débris 
shot upward under the vortex in a cloud of dust. The 


ascending wreckage had the appearance of a great explo-— 


sion or sparks from a great fire and was distributed in 
horizontal strata until drawn into the vortex. Watching 
the successive ascending phenomena gave one the impres- 
sion that the seat of energy was above the earth and the 
ground features were the result of suction. These forma- 
tions appeared three successive times, without a tornado 
cloud being formed. Each successive formation seemed 
to accumulate strength and to produce worse effects than 
the preceding one. Effects were very similar to blasti 
operations. The time interval between the first an 
second was about 1 minute and between the second and 
third about 30 seconds. 

The fourth ascending formation was marked by a 
descending cloud resembling a misshapen cornucopia 
which failed to reach the ground, and was accompanied by 
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a larger amount of dust and e. This dissipated 
after about one minute and re-form The fifth forma- 


tion, or second funnel cloud, appeared as two large bells 
top to top with a thin ropelike pendant connecting them. 
This was the most distinct, sharply defined, and beautiful 
of the entire series and lasted only a few seconds. The 
sixth formation and third funnel cloud formed in a few 
seconds. The ascending débris reached the dimensions 
of a giant explosion. The formation widened, accom- 
panied by rain and a cloud of débris, and moved slowly 
to the northeast, finally disappearing. The greatest de- 
struction occurred with the sixth ascending phenomenon. 
Airplane observations afterwards showed that the path 
narrowed before the storm dissipated, which feature 
could not be observed from the roof of the: building. 
Débris lay in practically straight lines parallel to the 
ae of the storm for the last quarter of mile of the path. 

unds, as heard at some distance from the storm, resem- 
bled the hum of a motor, but they were quite harsh and 
loud near the storm area. 

An imposing display of towering cumulus and cumulo- 
nimbus clouds was observed in the direction in which the 
tornado er resembling cumulus formed over 

reat fires. .The pictures of the tornado at Austin, Tex., 
ay 2, 1922,? would almost fit the tornado at Fort 
Smith, April 12, 1927. 

The path of the tornado was not more than 4 miles 
long and about 150 yards wide. The tornado varied in 
strength and direction throughout its path, The path 
ran generally from the southwest to the northeast and 
lay about one-half mile east of the tornado of January 12, 
1898.5 Two persons were killed and 13 injured seriously 
enough to require hospital attention. The damage was 
estimated at $100,000. The strength of the storm was 
only moderate for a tornado, with only a few examples of 
total wreckage. Houses were unroofed, awnings torn 
down, fences moved, trees uprooted, garages destroyed, 
and light buildings moved from foundations. Absence 
of marked tornado freaks was also noted. 

Few freak conditions, often reported from tornado 
districts, could be found. A child was taken up by the 
wind, carried for 3 miles, and let down scra but 
not injured. A woman, evidently killed in the tornado 
area, was found 7 miles away. A number of automobile 
tires were carried a mile and dropped. A heavy timber, 
14 by 14 inches and 12 feet long, was carried half a mile 
south of town. Hundreds of chickens disappeared and 
engines were stripped from automobiles... There was no 
way even to estimate the excessive wind velocity, but the 
photographs (not reproduced here| make it certain that 
it was hundreds of miles per hour, 


2 MONTHLY WEATHER REVIEW, May, 1922, 50: 252-253. 
MONTHLY WEATHER REVIEW, January, 1898, 26: 18-19. 


VARIABLE FEATURES OF BAROMETRIC DEPRESSIONS AND ANTICYCLONES AS A BASIS FOR SEASONAL. 
FORECASTING 


By N. A. Hesstine 
{In charge of daily forecasting service of the Argentine Meteorological Office] 


For a country like Argentina, with extensive rather than 
intensive farming, seasonal forecasts would undoubtedly 
be of much more practical use than daily forecasts of 
the weather. For this reason, for some time, I have 
been trying to find a basis for such forecasts. Correla- 
tions between different meteorological elements in various 
poate, along the lines followed by Walker in India, have 

n found, but they are generally too vague to be of any 
practical value, at least by themselves, and the same 


may be said of relations with sun spots, solar radiation, 


ete. 

Since I have been engaged in daily forecasting of the 
weather, I have been struck by the remarkable tendency 
of certain types of pressure distribution and weather to 
repeat themselves in some years or seasons, while in other 
os the opposite types are more frequent. Some types 


‘bring dry weather and others wet weather, and the prev- 


alence of each type determines the dryness or wetness 
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of the season. The persistence of certain types for lo 
periods indicates that their cause must be some genera 
condition, probably connected with the general circula- 
tion of the atmosphere, and this asm that by studying 
these t we might find a basis for seasonal forecasting. 
- With the object of confirming this hypothesis, com- 
putations were made of the mean latitude of barometric 
depressions and anticyclones, the frequency of certain 
typical tracks in different seasons, and other characteris- 
tic features that could be correlated with the rainfall 
and temperature of the same and following seasons. 
The results have really been better than I expected, the 
rainfall of autumn, winter, and spring giving correlation 
coefficients of 80 per cent and over when compared with 
some features of the depressions or anticyclones of the 
preceding season. 

The results have been published in detail in the 


Monthly Bulletin of the Argentine Meteorological © 


Office (in Spanish), but as it is thought that they may be 
of a more general interest, a short abstract is herewith 
given. | . 

The mean latitude of centers of barometric depressions 
(when first observed) in winter and summer seems to 
give a fairly close representation of the rainfall to be 
expected in the following spring and autumn, respectively. 
In Tables 1 and 2 the corresponding values are given, the 
rainfall at Buenos Aires having been chosen. The corre- 
beter is larger than this at some stations and smaller at 
others. 


TABLE 1 
_ | Mean lati- | Total rain- 
tude of de-| fall at 
pressions Buenos 
Aires in 
(December| autumn 
to Febru- to 
ary) May) 
Millimeters 
1913-14. 31.8 597 
1914-15. 29. 9 244 
1915-16 29.3 174 
1916-17 30.3 227 
1917-18 29.9 140 
1918-19_. . 30.7 386 
1919-20 29.9 282 
1920-21 30. 4 326 
1921-22 30. 4 243 
1922-23 29.1 260 
1923-24 29.3 184 
1924-25. ...... 30.3 341 
1925-26 30.7 347 
Correlation coefficient, 0.84 
TaBLE 2 
Total rain- 
ean fall at 
tude of de-| Buenos 
Aires in 
win spring 
(June to | (September 
August) | to 
Millimeters 
30,0 463 
29.0 238 
26. 0 98 
1918... 28.5 211 
28.6 355 
1920... 27.0) 341 
27.4 202 
1922... 24.9 193 
1928... » 25.9 203 
26.0 165 
29.3. 377 
27.6 189 
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_ For the winter rains the behavior of anticyclones seems 

to be a better guide than ‘that of depressions. The 
anticyclones observed in the Argentine are always quite 
formed: when crossing the borders, the depressions, on 
the other hand, in most cases forming within the coun- 
uy except. those crossing the southernmost portion, 
which have not been taken into account in this study. 

By their point of origin the anticyclones that cross 
Argentina may be divided into two principal classes, 
those that come from the Pacific mn apparently are 
offshoots of the permanent South Pacific anticyclone, 
and those that come from the Antarctic regions and 
which probably are offshoots of the great anticyclone 
that is supposed to lie over the South Pole. 

The most frequent tracks of anticyclones are in a 
northeasterly direction, crossing Argentina into Uru- 
guay or Brazil. In certain years the tracks show a more 


‘northerly trend, the centers passing latitude 35° west of 


the sixty-fifth meridian, after which they either con- 
tinue farther north or turn to the east. Some anticy- 
clones pass with their centers along the Atlantic coast, 
this type being most, frequent in spring and summer. 

As will be seen from Table 3, the amount of rainfall in 
the winter months may be foreseen approximately in 
the autumn, taking into account either the number of 
anticyclones hempenring south of 45° latitude, the mean 
latitude of anticyclones when crossing the western 
border, the frequency of anticyclones having a northerly 
and oceanic track, or those er the normal north- 
easterly track. The correlation coefficient is positive 
with the first three values and negative with the fourth. 


3.—Relation between of highs.in the autumn (March- 
e 


May) and the rainfall of the succeeding winter in Buenos Aires 


A B D 
Frequency 
of | Frequency | rainfall in 

Year of | | With north-| of HIGHS Buenos 

centers when erly and j|withnorth-; Aires in 

south enterin: with easterly winter 

latitude 45 Republic — Gg ane to 
Millimeters 
1 39.0 | 2 ll 140 
1914. 4 41.0 8 2 460 
1915 38.9 i4 50 
1916_ 0 365.3 16 ll 
1917 4 40.6 6 206 
1918. 3 39.1 1 14 75 
3 39.7 6 7 211 
1920 0 37.7 1 13 
1 38.7 4 13 113 
7 41.8 12 5 540 
1923 3 39. ‘ 8 6 307 
1924 2 38. 8 13 76 
1925 . 5 41.5 9 7 4 
1926 3 40.0 ul 7 188 

Correlation coefficient 


It will be noticed that the winter rainfall agrees fairly = 
well with what might be expected according to the trend a5 
of the anticyclones in the autumn, except in the year 1925, : 
when the rainfall was less than would have been expected. ae 
‘It is noteworthy, however, that although the rainfall was - 
below normal that. winter, the humidity and cloudiness s 
was ein Br highest in this series of 14 years, so it could . 
not really be classified as a dry winter. y 
For the summer rainfall no very marked correlation has a 
yet been found, 'the mean latitude of tar in spring 
| giving a slight correlation. e correla- 
| Correlation coefficient, 0.79, tion found for the summer rainfall is with the mean 


therefore most gratifying that a monograph 


upward with decreasing velocity and ampli 
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1atitude of anticyclones in the previous winter, this 
0.54. This lack of result for the summer may be i to 
the fact that the rainfall in this season often occurs in 
heavy thundershowers and the variations are more 
irregular than in other seasons. 

e temperature does not show such high correlations 
as the rainfall for any season, but the winter temperature 
compared with the trend of the anticyclones in autumn 
gives a coefficient of 0.71. Some results obtained lately, 
and which will be published in the near future, indicate 
that the difficulty to obtain a large correlation with the 


a is due to the complication set up by the effect 


udiness on temperature. 
It is probable that the — south of the barometric 


depressions in some seasons and of anticyclones in other 


NOTES AND 


THE MASS EXCHANGE IN THE FREE AIR AND RELATED 
PHENOMENA! 


The study of atmospheric turbulence has nowadays 
grown toa very live branch of meteorology, with numerous 
applications in different fields. In this development W. 
Schmidt, in Vienna, has played one of the foremost 
parts, being one of the creators of the fundamental con- 
ception “ Austausch’’ (exchange) upon which the theo 
of atmospheric turbulence tests. Schmidt has made it 
his task to prove the note of this conception in a 
number of problems also outside pure meteorology. — 
m 
hand has appeared which in a popular way treats the 
question of the turbulent excha of mass in the at- 
mosphere as well as a number of its geophysical and 
geographical botanical consequences. 

e chief effect of the exchange of mass through a 
fixed horizontal unit surface in the atmosphere is, as well 
known, that any element the vertical distribution of 
which is not uniform will be subject to a vertical trans- 
port or diffusion. This transport or flow upward per 
square centimeter and second is equal to the product of a 
coefficient, A, in the rate of decrease upward of the ele- 
ment under consideration. The first of these factors, 
the “‘Austausch,’” depends solely upon the rate of mass 
exchange and is independent of the element discussed. 
The second factor depends only upon the element dis- 
cussed and is independent of the mass exchange. 

The above expression for the diffusion can now be ap- 
plied to any property of the air that remains constant 
during adiabatic compression and expansion; for in- 
stance, horizontal momentum, potential (not ordinary) 
temperature, water vapor content (in absence of con- 
densation), electric charge, content of dust, condensa- 
tion nuclei, seed, and pollen. The theory can, of course, 
also be applied to turbulence in the sea. Schmidt treats 
in his book the effect of turbulent mass exchange on all 
sang elements and on a number of others not mentioned 

ere. 

In the section devoted to the vertical temperature dis- 
tribution, Schmidt has subjected the di variation of 
temperature at different levels to a very illuminating 
study. It is shown how the actually observed oscilla- 
tions are composed of two terms, one depending upon 
the diurnal variation of absorption and emission of radia- 
tion at that level, while the second term represents the 
temperature variation at the surface which - propagated 

ude, 


Schmidt, Hamburg 1925. (Probleme der Kosmischen Physik, 5) 


seasons and the trend of the latter to move north or over 
the ocean are really indications of one and the same 
phenomenon, which may be an increased energy of: the 
equatorial air currents as opposed to the polar air currents. 

It is noteworthy that these trends of depressions and 


-anticyclones do not show any marked correlation with the 


barometric pressure variations in Argentina, though it is 
possible they might show it with the pressure of the 
equatorial region of Brazil. its 
Further researches are being conducted along these 
lines, and itvis ho they may give not only practical 
results for seasonal forecasting, but may also throw light 
on some problems of the general circulation of: the 
atmosphere and the cause of abnormalities of certain 
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The same section also discusses the difference between 
continental and maritime climate. It is shown that the 
usual explanation of the difference between these two 
climatic types, which is based upon the difference between 
the thermal capacities of water and soil, is very unsatis- 
factory. The specific heat per unit volume. of water. is 
only about.twice that of the soil; if the soil and the water 
otherwise behaved in the same way, this, difference 
would produce a ratio of the amplitudes of the: diurnal 
temperature variations equal to ~/2: 1, while the actually 
observed ratio is many times larger. The true explana- 
tion lies in the turbulence of the sea, which rapidly carries 
the heat accumulated at the water surface downward to 
deeper strata. In the ground there is no such turbulence; 
only the extremely small molecular conduction of heat is 
active, at.a very slow rate carrying accumulated heat 
downward, but leaving the gene part of it to be reradiated 
to the lowest atmospheric layers. 

It is impossible in a short review to mention all the 
questions which lend themselves advantageously to a 
treatment by the Austausch method. Schmidt makes, 
after Richardson, comparisons between the upward trans- 
port of water vapor and the precipitation; these two quan- 
tities must become equal when means are formed over the 
globe and for a long period (for instance a year). 

There is in Schmidt’s book one application of the 
theory of turbulent diffusion, which as far as I can 
judge should be of the greatest value to botanists and 
geographers; namely, the spread of pollen. and seed by 
wind and turbulence. Using a mean wind velocity of 6 
meters per second, an “Austausch” value of 20 units, 
and taking into account variations in yelocity of free fall 
for different kinds of seed and pollen, Schmidt is able to 
compute for each a “‘mean dispersion limit.’’ He arrives 
at the following values: 


Kilometers 
Pollen of Pinus 40 
Seed of Taraxacum officinale... 10 


The mean dispersion limit is defined as the distance 
from the plant beyond which less than one one-hundredth 
of the seed or pollen will reach. 

Other chapters in the book are devoted to questions 
relating to atmospheric electricity, vertical wind distri- 
bution, dissipation of energy in the atmosphere, etc. The 
book is pleasingly written and deserves all attention from 
‘meteorologists and others interested in atmospheric 
phenomena.—(C. G. Rossby. 
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THE VARIATION OF METEOROLOGICAL ELEM 


AT 
ST. HELENA AND AT SOME OTHER PLACES IN THE 


ATLANTIC REGION ? 

[Author’s abstract] 

It is shown that since 1892 pressure, wind velocity, and 
temperature (mean daily maximum and minimum) at St. 
Helena have been subject to marked secular variations, 
pressure, and maximum temperature rising, while since 
1903 wind velocity has decreased. These variations are 
interrelated in such a way that they are probably real and 
not instrumental, and it is shown that the most likely 
explanation is the gradual northward movement of the 
South Atlantic anticyclone. The variations are further 
examined by the calculation of ‘‘partial’’ correlation co- 
efficients. The investigation is then extended to the 
North Atlantic; in Sierra Leone pressure has increased 
slowly while temperature has decreased slowly and rain- 
fall has decreased by an average of 2.4 inches a year. 
These variations are investigated by “partial” cor- 
relation. In the Azores and Madeira pressure has in- 
creased more rapidly than in Sierra Leone, and it is 
shown that the variations are probably accounted for b 
an increase in the intensity of the North Atlantic anti- 
cyclone and in the stre of the northeast trade wind. 

arious meteorological changes in Europe, North Amer- 
ica, and the Arctic, which may be related to the above 
variations, are also discussed.—C, E. P. Brooks. 


‘THE DISTRIBUTION OF ARCTIC ICE 
[Reprinted from Nature, April 23, 1927] 


The Danish Meteorological Office has published its re- 
port on “The State of Ice im Arctic Seas, 1926.’ Con- 
ditions in nearly all Arctic seas were unusually favorable. 
In the Barents Sea the distribution was about normal 
but in August open water reached almost to Franz Josef 
Land. Eastern Spitzbergen, however, does not appear 
to have been free from ice, but the west coast. was en- 
tirely clear during the summer months. The Kara Sea 
was eee in the south, but vessels got through by 
using Matochkin Strait. In the Greenland sea and Den- 
mark Strait conditions were very favorable, and the east 
coast of Greenland was relatively easy of access. The 
coasts of Iceland were open throughout the year. On 
the Newfoundland Banks the amount of_ice was below 
the normal. Ports on the west coast of Greenland were 
‘more accessible than usual, and in Hudson Strait there 
was less ice than has been noted during the past six years. 

Bering Sea was open so early as the end of June, and 
there were mg stretches of open water along the coasts 
of Siberia and Alaska during the summer. This is at 
least the fourth year in which ice conditions generall 
have been subnormal and in which no exceptional drif t 
has been reported from any part of Arctic Seas. | 

* * * * 


* 


‘THE SECOND EDITION OF DEPANT’S “WETTER UND 
| WETTERVORHERSAGE ” 

In the more than eight years since the author brought 

out the first edition, the forward strides of meteorology 


* Geophysical Memoirs No, 33—Air Ministry, Meteorological Office, Vol. IV, No. 3 
40037—27——-3 >, 
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have ‘been so vigorous that much of the book, especially 


the first part, “‘Das Wetter,” was rapidly becoming 
obsolete. In the second (1926) edition (issued by Franz 
Deuticke, Leipsig and Vienna), the student will recog- 
nize the profound influence which the Bjerknes school 
has, exerted upon meteorological thought in Europe. 
One finds extensive revision, retaining, however, a care- 
ful liaison between the older ideas and the newer. A 
fine feature of the book is the abundance of small but 
very clear diagrams and charts; especially pleasing are 
the synoptic charts on blue bases. A wealth of footnote 
references. to literature takes the place of loading the 
text with a discussion of researches which seem to the 
author to be of subordinate importance.—B. M. V. 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, MARCH, 1927 


By J. B. Navarrete, Director 
[Observatorio del Salto, Santiago, Chile] 


The month of March, 1927, was characterized by a 
weak atmospheric circulation in the southern region. 
The first five days were in general dry, while in the sec- 
ond five days a preceptible increase in rainfall was 
observed. 

The most important depressions which crossed the far 
south were as follows: 

.. That of the 3d-4th, which caused rain as far north as 
Arauco. The heaviest precipitations were those of 53 
mm. at Puerto Montt and 37 mm. at Valdivia. 

That of the 20th—21st; it rained as far north as Arauco. 
The heaviest rainfalls were 22 mm. at Puerto and 14 mm. 
at Valdivia. 

That of the 27th-29th which caused heavy winds and 
rainfall over the greater part of the southern region. 
erto Montt, and 26 mm. at 
Valdivia. 

The most important anticyclonic centers were as 
follows: That of the 5th to 18th, which was notable for 
its prolonged stability; those of the 22d-26th, and of 
the 30th-31st. All these periods were characterized by 
generally fine and cool weather.—Transl. B. M. V. 


METEOROLOGICAL SUMMARY FOR BRAZIL, MARCH, 


By J. pz Sampaio Ferraz, Director 
_ [Directoria de Meteorologia, Rio de Janeiro] 


} As observed in daily charts, the general circulation at 
lower levels was a little more active this month. Five 


-anticyclones. crossed the continent in the usual paths. 


Depressions were generally shallow and not persistent, 
affecting very little the central region of the country. 
the south, contrasts of pressure were more frequent. 
The highs referred to above were not vigorous. Rain 
distribution was very irregular in the north and central 
regions of Brazil, and on the average below normal; in 
the southern part precipitations were much more abun- 
dant, with an average well above normal. 

Weather was generally favorable to crops, especially 
to cotton, coffee, and sugar. 
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C. Frrzaucn Tatman, Meteorologist in Charge of Library 


RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Abbots f sol ha. Washingto 

roup of solar changes. n. 

244 cm. (Smith. misc. coll. y. 80, no. 
Angstrém, Anders. 

Recording nocturnal radiation. Stockholm. 1927. 12 p. 
illus. plate. 313 em. (Medd. Statens met.-hydrog. an- 
stalt, Bd. 3, N:o. 12.) 

Brazil. Directoria de 
Atlas de nuvens. n.p. 1924. 8 plates. 34} cm. 
Ferraz de Carvalho, Anselmo. 

Clima de Coimbra . . . Resumo das observacgdes feitas no 
Observatério meteoroldgico da Universidade de Coimbra 
desde 1866... Lisboa. 1922. 73,114 p. figs. plates. 
324 cm. 

Hartnack, Wilhelm. 

Wanderdiinen. Pommerns, ihre Form und _ Entstehung. 

Greifswald. 1925. vi, 112 p. illus. plate. 243 cm. 
Jaeger, Fritz. 

Forschungen tiber das diluviale Klima in Mexico. Gotha. 
1926... viii, 64 p: plates (partfold.) 28cm. (Petermanns 
Mitteilungen, rginzungsheft Nr. 190.) 

Walter Hampton. 
China: land of famine... New York. 1926. © xvi, 
199 p. inel. front. illus. maps. 26 cm. (Amer. geo- 
graphical soe. Spec. pub, no. 6.) [Ineludes discussion of 
rainfall, drought, fl , ete.) 
Martonne, Emm. de. 

Une nouvelle fonction climatologique: l’indice d’aridité. 10p. 

figs. plate. 27} cm. (Extr.: La oo oct., 


Records of the aurora Berri: Sydney. 1925. 191 5 ly 
lates. 303 cm. ustralasian Antarctic exped. O11-L 4 
i. rep. ser. B. v  - Terr. mag. & related observ. pt. 1.) - 
Niblack, A. P. 
Ocean currents in relation to are aphy, marine biology, 
meteorol and hydrograph onaco, 1927. 43 ¥ 
hydrog. Spec. pub. no. 19, Mare 
Sen, Sachindra Nath. 
On the design of the Kew pattern barometer. London. 1925. 
p. 203-225. plates. diagrs. 31 cm. (Great Brit. met. 
off. Geophys. mem. no. 27 (v. 3, no.°7.) 
Shaw, William Napier. 
ee of meteorology. v.1. Cambridge. 1926. xx, 339 
p. illus. plates. ports. diagrs. ie fold.) 27 cm. 
Smith Wesley L. 
How I fly at night. p. 228-233. illus. . oe (Journ, soc. 
aitomaohive engin., N. Y..v, 19, Sept., 


Stifel, Richard E 
Every cloud has a foggy lining. P; 65-66. illus. 29} cm. 
2. (Chicago: Amer. med. 


(Hygeia. Feb., 1927. v. 5, no, 


0c.) 
Tucker, W. M. 


Cloud types. p. 79-82. 22% cm. (Proc. Indiana acad. sci.) 


Polareis und atmospharische Schwankun p. 273-299. 
diagr. 24} cm. (Geografiska annaler, 13 och 4, 1924.) 


H. C., & May, Curtis. 
ming of apple scab sprays. illus. 23 cm. (Ohio 


agric. exper, sta. Bull. no. 403, arch, 1927.) | 
RECENT PAPERS BEARING ON METEOROLOGY 


‘Wiese, W. 


The following titles have been selected from the con- 
tents of the pring and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of pees and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles that 


appear to the compiler likely to be of particular interest 
in connection with the work of the Weather Bureau. | 


Annalen der Hydrographie und maritimen Meteoroligie. = 
55. Jahrgang.. 1927. 
Baur, Franz. Wert und Verwertung von Beziehun 
chungen zur Voraussage von Mittelwerten der ele 
fir gréssere Zeitabschnitte. p. 36-41. 


uar.) 

P. Die Eisverhiltnisse des Winters 
den ausserdeutschen europiischen Gewissern. 18-21. 
(Januar.) p. 41-49. (Februar.) 

Wegener, Kurt. Die Plata-Stirme vom 10-11. Juli 1923 
und 10.-11. Januar 1925. p. 33-36. (Februar.) 


Chicago... v.64. March 1927.) 
indemann, . A. Note on the physical of meteors. 
Pp 

New York. v. 22. 1927. 
McAdie, Alexander. The fliers’ aspects of scrography. 
Electric storms present certain hazards. Few cases 
planes being struck. One on record proved Piha a try 
p. 571-573. (March 21.) 
drus, C. G. Airways aerological work. How the Weather 
bureau stations function to provide air mail pilots with 
accurate weather information. p. 18.) 


Beitrdge zur Leipzig. 16. Band, 1./2 1927. 
artschagin, & Sweschnikowa, M. D Tagesgang 
der Sonnenstrahlung und der vom Zenith kommenden 
Himmelsstrahlung. p. 54-65. 

Milch, W. Uber die Extinktion der langwelligen und der 
kurzwelligen Sonnenstrahlung in A Atmosphiare der 
Erde. p. 66-107. 


te astronomical association. Journal. London. v. 87. March, 
1 4 
Kuiper, P. Feenstra. The green ray. p. 231-235. 


Brooklyn. v. 8.» April, 1987... 
hantz, ca L. Drought resistance and soil moisture. 
Stantchinsky, V. V. Some climatic limits in the extension of 
birds in eastern Europe. p. 


Engineering news-record. New York. 98. April 28, 1927. 

Notes on heavy rainfall April 15-16 at New: Orleans and 
vicinity. p. 697. 

de os) Académie des sciences. Comptes rendus. Paris, t, 184. 

Lakhovsky, Georges. Influence des rayonnements astraux 
sur l’osc illation des cellules vivantes. p. 907. (4 avril.) 

Mémery, Henri. L’influence des radiations astrales sur les 
vins. p. 908-909. (4 avril.) 

Moreux, Sur l’activité solaire et certains phénoménes de 
végétation. p. 1090-1091. (2 mai.) 

Franklin institute. Journal. Philadelphia, v. 208, ee 1927. 

Barnes, Howard T. Thermit and icebergs. p. 11-634. . 

General rage fy review. Schenectady. v. 30. 1927. 

Peek, F. W., Jr. The pettectibn of oil tanks and reservoirs 
against ey, p. 117. (Feb.) [Extract ‘from art. in 
Journ. A 

Lee, Everett S., & Foust, C. M. Measurement of is aM. 
Aes transmission lines due to lightning. p. 135-145. 

are 

Lightning survey in Japan. p. 124-128. 

arch 
Geografiska nae Stockholm. Arg. 9. H. 1-8. 1987, 
; mann, Hans W:son. Physico-geographical researches in 
the Horung massif, Jotunheim. 9-66. 
gstrém, Anders. ‘Probleme und Aufgaben on meteoro- 
logischen Strahlungsforschung. p. 144-148. 

Backman, Allan. L’infiluence de l’altitude et de la position 
géographique sur la température de l’air dans la région 
sud-ouest de la Suéde. p. 133-141. 

Exner, Felix M. Uber Diinen und Sandwellen. p. 81-99. 

Johansson, Osc. V. Die Temperaturinderung mit der 
Hohe an der age ee in Skandinavien. p. 109-132. 

Hemel en dampkri en Haag. 25 jaargang. Mei 1927. 

rende een reis met het S. 8. Gelria naar Buenos Aires 
p. 158-166. 

Ibérica. Tortosa. Afio 14. 7 mayo 1927. 
L., A. F. El huracdn de 1926 en la Habana. p. 300-302. 
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Imperial academy. Proceedings. Tokyo. v. 3. February, 1927. 
Kobayasi, Fatuo, "On t mechanism of cyclones and anti- 
cyclones. p 
64-87 Hantaro. On clicks and grinders in 


Sampaio J. de. 
Brazil. 
Sanson, J. 


Causes of drought in north-eastern 

[Abstract.] 

of meteorological-agricultural data 
by means of . 921-922. [Abstract.] 


Barnes, Howard T. with 93-98. 


(May.) 
Williams, C. H. Making simple weather charts ‘at sea. p. 
111-112. (June.) 
Matériaux pour l'étude des calamités. Gendve. Année 3. Octobre- 
decembre 1926. 
Flammarion, Gabrielle Camille. ‘‘Orages dans le soleil, tem- 
la terre.” p. 274+275. [Abstract from L’Illus- 
ration 
‘Michotte, Félicien. Etude sur les incendies de foréts.. p. 281. 
[Abstract. Author believes many forest fires are due to some 
action of atmospheric electricity.]} 
Mougin, P. Le danger des glaciers et des inondations en 
H danger des eaux. p. 206-232. 
Renner, ry George T., Jr. The Sudan: a tropical famine area. 


p. 187-205. 
Sampaio Ferraz, I. de. ‘Causes probables des sécheresses dans 
le nord-est de Brésil. p. 279-280. [Abstract.] 
magazine. London. v. 62. April, 1927... 
Beaanclan 1 ¢ L. C. W. The west of England blizzard in March, 
1891. p..69-70. 
las, C. K. M. daily charts. p. 61-63. 
Cloudburst cavit 
son, J. C 
as by 
Whipple, F 
1927. 
Whipple, Ww. Rime and associated phenomena. p. 68-69. 
Alb n. 8s. t. 8. Mars 1927. 
Bal Albert.’ Sur deux particularités des nuages: Les 
nappes nuageuses angulaires et les nuages d’ombre. p. 97- 


Bidault de G. La “pluie de sang”’ du 30 octobre 1926. 


p. 122-124. 
Gtlaneehs 4:4 Idrac, P. Sur un phénoméne de dépression 
érique produit sous le vent d’un obstacle élevé. p. 


sur le et ’emploi du mano-détendeur pour 
des ons avec l’hydrogéne en tubes. 
Mercanton, Paul. Le contréle chronométrique des enregis- 
p. 118-120. 


treurs météorologiques. 
automatique de gonflement de ballons- 


Papillon, Sou 
J On7 de diamétre modéle Office national 
[Ob- 


2 

Roger, E corcle. Bishop & Paris. p. 120-121. 

served Nov. 14, 1 6) 

Meteorologische Zeitschrift. raunschweig. Band 44. April 1927, 
Fabian, Hans. Die Verdunstungsmessungen auf der Scheit- 


corrosion.” p. 53-57 


niger Schleuseninsel bei Breslau. p. 142-146. 

Fischer, Karl. Bemerkungen zu ans Fabian: “Die Ver- 
auf der Scheitniger Schleuseninsel bei 
Breslau. 146-148. 

Gitz, P. Das Strahlungsklima von Arosa. p. 138-142. 
[Abstract. 


enzel. Periodo e Schwan- 


153. 
im Winter. p. 131- 


Nature. v. 119. 1927. 
Gola Hass. p. 561-562. (April 16.) 
Water vapour in the atmosphere. The constitu- 
tion of fog and cloud. p. 654-655. (April 30.) 
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“The circulation ~4 air in Stevenson s screens 
The detonating meteor of February 25th, 


Revue de 
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‘Nature. 
Roger, E. remarquables de la température 
ns la région de Paris, d’aprés les travaux des météoro- 
gistes E. Renou et L. Besson. p. 370-371. (15 avril.) 


Carle, G. Observations faites & |’occasion du cyclone 
dévasta la ville de Tamatave le 3 mars 1927. p. 
(1 mai.) 
N Berlin, 16. Jahrgang. 15. April 1927. 
Der k Ursprung der Héhenstrahlung. 
p. 356-357. 
Paris. Services . Annales. t. 7. 1926. 
Besson, Louis température Paris d’aprés 
années d’observations. p. 1-47. 
Physical review. Minneapolis. v. 29. 1927. 


Hurlburt, E. O. The 
atmosphere. p. 706-716 


Physical society. Proceedings. ‘Léa: 39. April 15, 1927. 
Deodhar, G. B. of dust p. 243-249, 


Zeitschri Leipzig. 28. Jahrgang. 1927. 

Benndorf, dl Erhaltung der Erdladung dureh den 
Blitzstrom. (No. 7.) 

Tichanows Die Bestimmung des optischen Aniso- 
tropiekoe der Luftmolekiile durch der 

Wigand, A a litzstrom und Niederschlagsstrom. 
Pp. 261-263. (No. 

Holtzmann, M., itor, he 
atmosphirischen Turbulenz. 304-308. (No. 8 

Nélke, Fr. Zur Erklarung anormalen Schallfortpflan- 
zung. p. 302-304. (No. 8.) 


“Popular astronomy. Northfield, Minn. v. 35. May, 1927. 
Wylie, Charles Clayton. eit ne solar cycle in temperature and 


Prussia... M eteorologisches Institut. Bericht tiber die Tdtigkeit 
des Preussischen meteorologischen Instituts im Jahre 1926. 
Berlin. 1927. 
Knoch, K. Uber die unperiodischen Schwankungen der 
Temperatur im atlantisckcs Stillengiirtel. p. 69-84. 


r die Nied iedersehliige der VO p. 


Marten, W, ner die beiden absoluten pyrheliometrischen 
Skalen Angst rém und Abbot. (Nach Vergleichsmessungen 
in den pc 1919-1926.) p. 59-69. 

Schubert, D. O. v. Ein typisches Beispiel fir den Zusammen- 
hang hoher und niederer Druckschwankungen. p. 113-133. 

Siiring, R. Nachruf auf Walter Budig. p. 39-42. 

Wagemann, H. Uber die Erwirmung kalter Luft zwischen 
dem amerikanischen Festlande und den Bermudas-Inseln. 


p. 1384-142. 
ographie alpine. Grenoble. 1.14. fascicule 4 
es Alpes 


Bénévent, E. Documents sur le climat 
1927. 


tude critique. p. 681-764. 
Revue générale des sciences. Paris. 37. année. 
Adam, Michel. Une nouvelle hypothése scientifique. L’in- 
fluence des taches solaires sur la vie et la santé. p. 177-179. 
Rouch, J. L’électricité atmosphérique dans les régions 
Reowe p. 242-244. 
optique théorique etinstrumentale. Paris. Gannée. Février 


‘— Jean. Mesure de la brillance du ciel diurne. Réparti- 
tion de la lumiére sur la vodte céleste. p. 73-80. 

London. Proceedings. London. series A. v. 114. 

Dobson, G. M. B., Harrison, D. N., & Lawrence, J. Measure- 

ments of the amount of ozone in the earth’ s atmosphere 

and its relation to other geophysical conditions. Part II. 


p. 521-541. 
— C.G. The mechanism of a thunderstorm. p. 376- 
v. 65. 


ew York. 
Curie, M., Lorentz, H. A., & Einstein, A. The establishment 


of ee international bureau of meteorology. p. 415-417. 


(April 29.) 
P. G. Humidity and chronometry. p. 471. (May 


) 
Science s-letier. Washi C. 44. 

age. p. 26 


oO waves in the upper 


Apparat zur Messung der 


April 23, 1927. 
Most ‘tornadoes do little dam- 


science and practice of agriculture. Rome. New series. v. 4. i 

Met 

Mét 

| 

Pollak, Leo W 

) kungen met 
Steiner, L. 

temperatur 

r 


190 


Scientific American. New 
Dunlap, Orrin E., Jt. Does static come from the sun? 
Strange ‘‘messages’’ may tell the secrets of fading and other 
radio p. 318-319. (May.) 
Francis. Weather map by radio. p. 411-412. 
une. 


Tyne Rochester, N.Y. v. 17. 1927. 
air, Thomas Arthur. Weather cycles. 61-62. 
The ve dather of the American weather map. Frabbe, Cleveland.]} 
p. 63. [With 


v. 83. 1927. 


Lasicowsk, B.R. nd temperatures vs. roof temperatures. 

Maddor, William J. p. 

‘Measurements in cloudland. 

Moran, C. “John Smith vs. ek Frost.” p. 53-55. 

Pearson, S Saal existed when Columbus dis- 
covered and will in future.” p. 49-50. 

Professor William Ferrel. [With portrait.) 


Simpson, A. G. The Seales ‘industry discovers relative 
humidity. p. 74-75. 
Static as barometer to forest fires. p. 


‘*Snow-break’’ in woods and forests, p. 73. 

The table Spe of Table mountain. p. 66. 

harles}] Flitzhugh]. Picturing the weather day by 

e remarkable government aed that produces 

ref daily weather map. p. 51-52; 

The tower ot the winds. p. 66. 

Eugene. A near the Grand Banks. P- 

? 

White, William J., Jr. The new wonders of our sun. Exiles 
on lonely desert mountain to study vas et plant of the 
sky. p. 56-59. ([Repr. from Popular ence monthly.] 
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U. S. Hydrographic office. Pilot chart of the north Pacific ocean. 


June, 1927 
Hurd, Willis Edwin. Tropical storms of the eastern * a 
Pacific ocean. 
. 44. Jahrgang. 1987. 
er, Rudolf. Sehr milde und sehr kalte November seit 
1826 in Frankfurt a. M. p. 39-41. (Februar.) 
Kassner, C. Babylonische und assyrische Wetterregeln. p. 
47~48. (Februar.) 
eer C. Schneebeseiti auf dem Fall River meng 
in Colorado. p. 46-47. (Februar.) [Trans, from’ Bull 
Amer. met. soc. 
Myrbach, Otto. Temperaturverlauf zu Wien im Winter 
1925/26 i in Zusammenhang mit Sonnenfleckenkulminationen 


und Mondphase. p. 31-37, (Februar); p. 55-56. (Marz.); 
p. 74-78. (April.) 
Voigts, Heinrich. 


Meteorologie und Wetterkunde in den 


ysikalischen Lehrbiichern fiir héhere Schulen. p. 25-30 


Februar.); p. 49-55. (Marz.) 
k, F.X. Zur es Flugwetterzettels. p.72. (Marz.) 
Vom Wettersinn der Wetterkranken. p. 69-70. 
arz 
Holtzhey,R. Die Bildungeiner Gegensénne. p.70. (Marz) 
Holtzhey, R. Das Sch von Telegraphendrahten. p. 
70-71. (Marz) 
Naegler, W. Die wirmste und kialteste Gegend 


Sachsens. 
Sibirien.” p. 68-69. 
Diesner, P, Weitere Bemerkungen tiber den Geltungsbereich 
klimatologischer Stationen. p. 93-95. (April.) 
Der Friihsommer 1926. p. (April.) 
Gleichzeitiges Auftreten von Gewitter und Nordlicht am 8. 
September 1926. p. 85-89. 
Noth, H. H. v. Ficker: Maskierte Kalteeinbritche. p. 91-93. 


April. 
mu April) de Quervain. p. 73-76. (April. [Obituary] 


SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION 
DURING APRIL, 1 


By Hersert H. Kimsa Solar Radiation Investigations 


For a description of instruments and an 
account of the method of obtai educing the 
measurements, the reader is referred to the Review for 


January, 1924, 52:42, January, 1925, 53:29, and July 
1925, 53:318. 

From Table 1 it is seen that solar radiation intensities 
averaged above the April normals at all three stations. 


made on four days give a mean of 54 


Table 2 shows a in the total radiation 
received on a horizontal surface from the sun and sky at 


the three stations for which normals have been deter- 


— due to unusual cloudy conditions. 

kylight polarization measurments made at Madison 
on = days give a mean of 62 per cent, with a maximum 
of 65 per cent on the 3d. These are close to normal values 
for April at Madison. At Washington, measurements 
er cent, with a 


maximum of 60 per cent on the 11th. ese are slightly 


_below the corresponding averagesfor April at Washington. 
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POSITIONS AND AREAS OF SUN SPOTS 


{Communicated by Capt. Edwin T. Pollock, Superintendent U.S. Naval Observatory] 


[Data furnished by Naval O 


TaBLz 1.—Solar radiation intensities during April, 1927 


Washington, D. C. 
[Gram-calories per minute per square centimeter of normal surface} 


observatories} 


, in cooperation with Harvard, Yerkes, and 


Mount W: 


Heliographic 
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1 Extrapolated. 


TaBLe 2.—Solar and sky radiation received on a horizontal surface 


Ape. 12 (Naval Observatory). -.......- 


[Gram-calories per square centimeter of horizontal surface] 


Apr. 14 (Naval Observatory). ......-.-| 


 foreshortening and are expressed in millionths o! sun's visible 


hemisphere. 


—5, 698 


Madi- |; incoln 
son + 


ington 


Average daily radiation 


New | Twin || Wash- 
Falls 


cago | York 


Chi- 


Week be- 
ginning— 


Deficiency since first of year on Apr. 29............---...-...}-4, 830 |—2, 975 


h 

Eastern 

: tude 

h. ™m. 

12 40 

14 3 

m 25 | 

9 56 ey 

Madison 
3. Apr. 5 5.1 1. 

Apr. 1.14) 1.26 = 

cans... 14)|_ 1.24 

n 

n 17_.....--.| 7.57| 0.76| 0.88 
3.30)" 0. 93) 1.08 | 
6 27|....-.) 0.91) 1.06 

27.........| 5.79|....--| 0.60} 0.83 

| 

ington | son mw 49 

1927 | 

Apr.2....) 250] 315] 383] «497 —73 
Apr.9..--| 430} 373| 284)  467|} +19} —264 94 

Apr.16-.-| 326; 271, 278| 536] —25| —78| —10 

Apr.23..-| 404] 485] 333} 373) 648) +17 
_________ 
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Positions and areas of sun spots—Continued Positions and arears of sun spots—Continued 
Heliographic Heliographic Area 
Eastern Eas 
Date standard Date standard 
civil time} Longi- | ratitude| Spot | Group civil time) Vongi- | patitude| Spot | Group 
15 (Naval 1 +4180 Apr. 20 (Naval Observatory)........ -| 11 49) +4440) —10.5 
—27.0| —12.0 154 67.0| |........ 123 
—13.5 +30. 0 Apr. 21 (Naval Observatory)_......... 11 40 —60.0 —20.0 
—13.5| 216 —32.0 +9.5 
+37.0| —19.0 340 +70.0} —13.5 |........ 123 
Aprl 16 (Naval Observatory)... ...... ll —21.0 
—17.5| +13.0 15 —15.0 +8.0 
—13.0} 247 —5.0| 88 
—10.0} +120 |.......- 470.0 377 
—5.0 +36. 5 Apr: 23 (Naval Observatory).......... ll 53 —58.5 
—20| 185 —34.0} —20.0 Bj 
42.0) 431.0} 46 —6.5 +9.5 
+37.0| —23.5 +-24.5 |_....... 
+43.0| 216 +74.0| —10.0 
+49.5| —20.0 +85.0| —10.0 967 
|........ 62 Apr. 24 (Naval Observatory).......... 12 =—46.0) © |........ 108 
Apr. 17 (Naval Observatory) ll 42 +1.0) 370 —20.0} —20.0 
+11.0] +30.5 +16.5| +24.0 108 
+13.0| |...-..-- 139 Apr. 25 (Naval 47). —76.5 +5.0 
+540} —210 46 =33.0 | —17.5 |........ 201 
+540] +140 —20.0 46 
$ +63.0} |......-- 154 +29.0} +24.0 93 
5| 370 —16.0| —16.5 150 
—140 139 +19.0} —17.5 
+67.0} +15.0 +45.0 +25.0 
+70.0} —17.0|........ 185 +72.0 —8.0 
Apr. 19 (Mount Wilson) .............. 12 4 —87.0 —20.0 eee Apr. 27 (Naval Observatory)_......... 12 15 —49.5 +4.5 170 |...--.- 
—57.0| ii6 —320} 9% 
—50.0| —18.0 —6.0| 185 
+27.0| —12.0 545 +19.5| 
—15.0 j.......- 205 Apr. 28 (Naval Observatory).......... 47) +4.5 
+86.0} +13.0 +3.5| —17.5 93 
Apr. 20 (Naval Observatory).......... lk 49) —73.5 —19.5 +9. 5 —12.5 
+34.5| —10.5 
AEROLOGICAL OBSERVATIONS 


By L. T. 


The month was characterized by free-air temperatures 
which were above normal, particularly at the higher 
levels. (See Table 1.) The departures were greatest 
from 2,000 meters to 3,000 meters at the southern sta- 
tions! As might be expected under such conditions, the 
relative humidity was mostly below normal and the 
vapor-pressure departures were in general of the same 
sign as those for temperature. 

A general excess of southerly winds occurred in the 
resultants for the month at all stations. (See Table 2.) 
The deviations from the normal were most pronounced 
at Royal Center and Ellendale. At the former station 
the northerly resultants contained a marked easterly 
component up to 1,250 meters instead of the more usual 
westerly; at Ellendale the resultant direction was south- 
westerly as compared to the normal northwesterly. In 
this connection it is interesting to find that the total 
precipitation at both of these stations exceeded all 
previous records for April since their establishment in 
1918. 

That a high lapse rate is not always a precursor of 
precipitation is shown in the kite records of Due West for 
April 26. A second flight was made in the afternoon at 
this station on account of the —_ fall in pressure. 
Both flights were made on the northern side of a tongue 
of high pressure extending inland over the South At- 
lantic and Gulf States. The wind direction changed 
but little with altitude, being westerly to west-south- 


westerly at the surface and west-northwesterly above 
age meters. The following lapse rates prevailed during 
e day. 


Time M. 8. L. (m.) | °C./100 m. 
217 to 1,757_- 0. 62 
cn 217 to 1,757... 98 


These superadiabatic lapse rates resulted in strong con- 
vection, but owing to the low relative humidity, which for 
the most part was below 50 per cent, no cumulus clouds 
developed, the sky remaining clear throughout the day. 

The heights to which the temperatures successively 
increased under the influence of air emanating from the 
rear of a slowly moving high pressure area are shown in 
the following table taken from the kite records of Broken 


Arrow for the 25th, 26th, and 27th. e 
L. (m.) BB 

7.5 10.3 17.0 
5.0 17.8 22. 6 
3.3 10.5 16.9 
15 6.8 13.0 
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All of these records were obtained between the hours Tasie 1.—Free-air temperatures, relative humidities, and vapor 


of 6 and 9:a,.m. and therefore are comparable as regards ) _ pressures during April, 1927 
the ordinary diurnal temperature changes. In every TEMPERATURE 
case the relative humidity was low in the upper levels | Broken Ar-| Due West, | Ellendale, | Groesbeck, | Royal Cen- 
as it usually is in a high-pressure area. It will be seen | @i7m) | | | |+wash- 
that the temperature at. 3,000 meters on the 27th was | 
higher, than that which occurred in the lower levels on par: par par- DG 
Temperature inversions are nearly always accompanied 9-yr. 7-yr. 10-yr. 9-yr. o-yr. 
by. a drop in relative humidity._However, occasionally mean) fmean 
the reverse relationship is found, Such a case occurred gurtoce_| 16.9] +1.3| 16.9] -0.3| 5.9 416 ine 
at Due West on the 8th, when that station was sit- 
uated between a high-pressure area to the northeast 14 5 129 40 tis 6.9 03 
kite flight. 6.6 42.4). 3.8) $0.3) —3.4 43.1} 41.3} 1.2 
cent) 
RELATIVE HUMIDITY (%) 
217; 13.0 62 | E. 

10:50 a. m_- 810, 4.6 1.33| . 62| ENE. 1250. 
10:44 a. 1, 131 12.2 —2.37 100 SE. 5 m4 

A superadiabatic lapse rate prevailed from the ground 38) 12) 
to about 500 meters, above which level there was a strong —#200->----7- | sagas 
increased to the saturation point. It will be noted in 

. ESSURE (mb. 
the table that in both cases the wind direction in the 
inversion layer contained a southerly component. The 13.97/49, +0 +0, 42/ 18, +2 Til 8,640.05), 9.19 
shallowness of the stratus cloud layer and the low relative ot 93|+2. 79] 7.58/+0.20, 7.43 
humidity above it, however, prevented precipitation 
before the following morning, by which time this region 5.46)4+0.11) 5.73 
was entirely under the influence of the Low. tonto a| 458 
Easterly winds .at exceptionally high altitudes pre- 
vailed over Spokane from the 9th to 14th, when that 1:80)—0. 73}. 
station was situated between a HIGH to the north and a 
Low to the south. During this period winds from an 
easterly direction were observed to 9,000 meters, © Naval Air Station. 
TABLE 2.—Free-air resultant winds (m. p. 8.) during April, 1927 
Broken Arrow, Okla. | Due est, 8. C, Ellendale, N. Dak. Groesbeck, Tex. — Royal Center, Ind. Washingtor, D. C. 
444'm.) (141 m.) (225 m.) (34 m.) 
Altitude — 
Mean 9-yr.mean Mean 7-yr. mean Mean 10-yr.mean| Mean 9-yr. mean Mean 9-yr. mean Mean 7-yT. mean. 
pir. Dir. lvet| pir. Dir. Dir. [vel] Dir. Dir. Dir... \VelJ, Dir. Dir. |Vel] Dir. Dir. |Vel. 
17°W.| 5.318. 12°W.| 4.08. 58°W.| 1.918. 72°W.| 2. 6.N.27°R. | 1. 15°W.| 1. 1°W.] 7.2\8. | 51°K, | 44°W | 28°W.| 3. ON, 60°W,| 3.8 

. 20°W.| 6.3/8. 17°W.) 71°W. 3. 1/S. 69°W.| 3.4.5. 68°E. | 0.6)/N. 28°W.| 1.0/8. 7°W.) 8.0/8. 10°W.| 5, 3)S. 40°F, | 52°W.) 4.2)N. 38°W.) 3.6|N. 61°W.) 4.9 
6..1)8. 28°W. 5.48. 72°W.| 5.4/8. 66° W. 4.38, 1. 57°W 1. 3)8. 15°W. 7.9/8. 5. 88. 4 4.41N. 61° W.) 6.1 

60° W. 64°W. 7.28. 66° W ./10. 6)S, 78°W.| 8.458. 57°W. 2. 77° W 8. 2/8. 42°W..| 6.6/8. 7. 62°W 4.7|8. 7. 49° W. 8. 70° W. 8.5 

65° W, 8, 018. 79°W.| 7.8.8. 67°W.j11. 80° W.)10, 8 8. 78° W.) 5. 7)N.79°W.| 6.7/8. 46°W./10. 2's. 63°W ./10. 87° W.}13. GIN. 85° W 60° W .)15. 6)N. 73° 2 
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GENERAL CONDITIONS 


The —_ outstanding feature of the month, consider- 
ing its subsequent effect, was the prolonged period of 
heavy rain over the central Mississippi Basin when the 
streams of the region were already at or near flood stage. 

These rains were the direct cause of the unprecedented 
flood that is slowly passing down the lower reaches of the 
Mississippi and overland toward the Gulf of Mexico. 
The approximate area of land thus far inundated is 15,000 
square miles —A. J. H. 


CYCLONES AND ANTICYCLONES 


April showed a reduction in the number of barometric 
maxima and minima, 18 Lows and 8 HiGHs being tracked. 


ApRIL, 1927 


Rather sluggish conditions prevailed during the middle 
ortion of the month; beginning with the 8th there was 
ttle relative change in the positions of the heey 

HIGHS and Lows during six observation periods (three 

days) from western Europe westward to the middle 

Pacific Ocean. In this case the high-pressure area 

assumed a north-south position over the two oceans. As 

the polar air slowly drained southward, and pressure 
began to fall over high latitudes, a somewhat’ more 
normal movement began to develop.—W. P. Day. 


WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By P. C. Day, in Charge of Division 


PRESSURE AND WINDS 


The marked features of the weather during April, 1927, 
were the persistence of moderate cyclonic conditions over 
the Southwest during the first two decades, and the 
abnormally heavy precipitation resulting therefrom as 
these moved to the eastward over the middle and lower 
Mississippi Valley, resulting in the most disastrous floods 
ever experienced in that river from Cairo southward and 
in many of its southern tributaries. 

With the beginning of the month an important cyclone 
was central over the lower Missouri and middle Missis- 
sippi Valleys, and heavy rains had fallen eens te pre- 
ceding 24 hours over much of those and near-by areas. 
This storm lost importance rapidly and during the follow- 
ing 24 hours moved to the Middle Atlantic States with 
much decreased precipitation. 

On the morning of the 4th pressure was low over the 
vicinity of eastern Kansas and during the following 24 
hours the center moved to the Lake Superior region 
attended by considerable rain over the Mississippi and 
Ohio Valleys and Great Lakes, the rain area extending 
during the following day into the more eastern districts, 
due to the formation of a second storm that moved 
northward off the immediate Atlantic coast from the 
Carolinas to New England. 

From about the 7th to 16th, inclusive, a period of 10 
days, the atmospheric pressure continued low over the 
southern Plains and precipitation, excessive at times, was 
of almost daily occurrence over the immediate Mississippi 
Valley, particularly in Arkansas and Missouri, the eastern 
portions of Oklahoma, Kansas, and Nebraska, nearly the 
whole of Lllinois, portions of Towa, the western parts of 
Kentucky and Tennessee, northern Mississippi, and parts 
of Louisiana. The total falls on the 13th and 14th were 
ae heavy over Arkansas and portions of near-by 

tates, many stations reporting more than 5 inches in the 
48-hour period and some as much as 10 inches. 

After an interval of a day or so, in some sections 
scarcely so long, eo wemae again began over much of 
the region mentioned above and continued with only short 
interruptions until the beginning of the third decade. 
During this period 24-hour amounts of precipitation, 
particularly in Arkansas, frequently exceeded 5 inches 
and in some cases they were above 10 inches. 

After the 21st, high pressure and clear weather prevailed 
over the area where precipitation had persisted for so long 
and such cyclones as crossed the country were confined to 


more northerly courses, until near the end when another 
low-pressure area central over Missouri on the morning 
of the 29th moved southeasterly to the southern Appa- 
lachian region by the following morning attended by some 
heavy rains in the Ohio Valley and lighter amounts over 
near-by areas. 

Despite the heavy rains in the middle and lower 
Mississippi Valley and some near-by areas, no cyclone 
giving extensive precipitation pursued a well-defined 
course over any considerable distance, nor were the heavy 
rains usually attended by important depressions of the 
barometer. 

Anticyclones were confined mainly to the Great Lakes 
region and eastward to the Middle Atlantic States, New 
England, and the Canadian Maritime Provinces. In fact 
during the first half, high pressure was nearly continuous 
over these areas. At the beginning of the last decade 
anticyclonic conditions appeared over the Rocky Moun- 
tain region and, moving eastward, favored fair weather 
over the central valleys and southeastern districts until 
near the end of the month when low pressure again over- 
spread the Central and Eastern States. 

The distribution of monthly mean pressure is shown on 
Chart VI; departures from normal are shown on the 
inset on Chart I, and the change from the previous month 
on the inset on Chart II. 

The important destructive winds of the month were 
mainly of the local character attending thunderstorms 
and usually covered but small areas at any time. They 
were confined as a rule to an area extending from Texas 
northeastward to the Great Lakes and Ohio Valley, and 
occurred most frequently about the 11th to 14th and 
again on the 18th to 21st. 

A number of tornadoes occurred during the month, 
mostly in Texas, Arkansas, Oklahoma, and _IIlinois. 
The tornado that struck Rocksprings, Tex., on the 
evening of the 12th was the most severe of the month, 
resulting in the loss of 74 lives and damage to property 
exceeding $1,000,000. A storm of tornadic character 

assing northeastward from the vicinity of St. Lou 

o., toward and over Springfield, Ill., and thence towa 
Chicago, on the afternoon of the 19th, caused the loss of 
21 lives and property damage considerably in excess of 
$1,000,000. A list of these with others of less importance, 
together with the details of additional wind, hail, and 
other damaging storms of the month appears at the end 
of this section. 

TEMPERATURE 


The major portions of the first and second decades had 
moderate temperature changes with daily averages 
mainly above normal over the central valleys and south- 
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Rocky Mountains westward, the week ending the 19th 
ar quite cool over that region. 

About the end of the second decade high pressure 
entered the upper Missouri Valley and moving southward 
and eastward brought the most important temperature 
changes of the month and the lowest readings from the 
States of Washington and Oregon southeastward to the 
Gulf and South Atlantic coasts as far north as Virginia. 
In portions of the northern Plateau regions the minimum 
temperatures on the 19th and 20th were in numerous 
instances the lowest of record for so late in April, and 
much damage resulted to early fruits in the large com- 
mercial orchards of that region, including portions of 
Utah and Colorado. As this cold area moved eastward 
freezing temperatures extended into the northern and 
middle sections of the Gulf States and here, as well as 
to the northward, much damage to fruit and early 
vegetation resulted. About the same time unusually 
high temperature prevailed over the Northeastern States, 
the maximum temperatures over the coast districts. of 
New England on the 20th being the highest ever reported 
in April. The average temperature for the week ending 
the 26th was below normal over all portions of the coun- 
try save the Northeastern States and the far West. 


With the passing eastward of the cold area referred to 


above, warmer weather followed, and the last few days 
of the month were moderately warm over most of the 
country, though cooler weather had overspread the lower 
Missouri and sere Mississippi Valleys, the Great 
Lakes region, and other near-by areas at the end of the 
month, with light frost in exposed localities. 

The mean temperatures were above the normal for April 
over the greater part of the country, as has been the case, 
particularly in the central valley and Gulf States, during 
the preceding months of the year. The monthly temper- 
atures were well above normal over all southern districts 
from New Mexico eastward, a few stations reporting 
means nearly or quite as high as had ever previously 
occurred in April. Temperatures were mainly slightly 
lower than normal over the Northeastern States and 
locally near Lake Michigan and in the far Northwest, 
likewise over the western Canadian Provinces, but they 
were higher to the eastward. 

The highest temperatures. were recorded about the 
18th to 20th from the piped we Valley eastward 
and southeastward to New England and the Middle 
Atlantic States and locally in the Southeast, and from the 
25th to 28th over the districts west of the Mississippi 
River and in a few States immediately to the eastward. 
The highest recorded was 108° in southern California 
and temperatures about 100° were observed locally in 
several States of the Southwest. 

The lowest temperatures, as stated elsewhere, occurred 
mostly from the 19th to 23d, but_over New England on 
the 2d and 3d, in portions of the Middle Atlantic States 
on the 10th and 11th, and over the Southwest from the 
12th to 14th. The lowest reported was — 18° in W. oming 
with —16° in Colorado, —12° in California, and —10 
in Idaho, all at exposed points in the mountains. 


PRECIPITATION 


The rains in the middle Mississippi Valley and near-by 
areas during the first. two decades of April probably 
exceeded all previous records in that locality for total 
amounts of fall and length of period during which rain 
was of almost daily occurrence. In much of this area 
monthly amounts ranged from 10 to 15 inches, reaching 


MONTHLY WEATHER REVIEW 
ern districts, and mostly below normal in those from the 


195 


more than 20 inches in some places, with plus departures 


ranging up to as much as 18 inches. Arkansas had a. 
departure for the entire State of over 8 inches, Missouri 
had over 5 inches, and near-by areas of adjacent States 
had similar excesses: Over much of this area the pre- 
cipitation during March had also been far in excess of 
the normal fall. As a result of these heavy rains the rivers 
of that section were in flood during the greater part of the 
month and some had the highest stages ever known. 
Aside from the area referred to above, most of the 
central valleys, as well as the Middle Atlantic States, 
had precipitation above the normal. In the South- 
eastern States, however, the month was mainly quite 
dry, and similar conditions existed in New England and 
portions of the Lake region. In the far West precipita- 
tion was mainly less than usual, and there was a con- 
siderable deficiency over the central and west Gulf coast, 
save in the vicinity of New Orleans where a large excess 
was received. At points in Florida, the Carolinas, and 
New a the month was among the driest of record 
for Apri 


SNOWFALL 


Some unusually heavy and long continued snows oc- 
curred in the northern Rocky Mountains during the first 
half of the second decade. This was most pronounced 
in Wyoming and near-by areas. At Cheyenne snow was 
of daily occurrence from the 10th to 15th, and similar 
conditions existed at numerous other points in that State 
with total falls up to 3 feet or more. In central an 
southern Montana the depths ranged from 10 to 40 
inches.. In the Black Hills of South Dakota and western 
Nebraska the depths ranged up to 2 or 3 feet, with a 
small area in northwestern Nebraska of more than 4 
feet, the greatest depth ever known in that locality. 
This period was without important wind movement and 
hence there was little drifting, and save for the unusual 
depth there was no great interference with traffic, as the 
weather continued mild and the snow soon disappeared. 

Over the remaining mountain sections of the West 
the snowfall was mainly greater than usually occurs in 
April, particularly in the central and northern districts, 
and the outlook for water during the dry season is prob- 
ably better than usual in the districts where water is 
mostly needed. 

Over the more eastern districts some snow occurred 
over considerable areas, but the amounts were mainly 
small. The distribution is graphically shown as usual 
on Chart VII of this issue. 


RELATIVE HUMIDITY 


Generally speaking the ave relative humidity was 
above the normal save baomieties upper Lakes to New 
England, locally _over the Southeastern States, and 
mainly from the Rocky Mountains westward, though in 
this region there were areas with averages above the 
normal, this being particularly the case at points in 
Arizona and Nevada. At points in New England and 
New York the percentages of relative humidity were the 
least of record for April, and about the 11th and 12th 
the humidity was remarkably low over the coast districts, 
Providence, R. I., reporting 9 per cent at noon of the 12th 
and Boston 10 per cent on the same date, these probably 
being the lowest individual values ever observed at those 
stations. At points in the lower Missouri and middle 
Mississippi Valleys the percentages ranged from 5 per 
cent to 15 per cent above the normal. 
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SEVERE LOCAL STORMS, APRIL, 1927 


Apri, 1927 


report of the chief of bureau] 
pa y. 
storm 
ae Winston- | 1)/4p.m High wind. ....... damage to buildings and public | Charlotte Observer (N. C.) 
em, N. C. utilities 

Tarboro, N. C.....-...-..- 1 | 7:30 p. m_- 550 $75,000 | Tornado. ........- Many large trees u rooted; som e buildings un- | Official, U. S. Weather Bu- 
roofed or dam ; path 2 ales long. reau. 

Anderson, Greenville,  Lenicamsenn \ to 10 |_..... 42,000 | Series of rey Character of damage not reported Do. 

Greenwood Laurens, mi. storms 

Richland, and Darling- wind 
Kent te 1 50,040 | Wind Buildings and wire systems damaged. D 

Poweshick County, Iowa... 4 | 10:30 a. Damage principally to Do. 
Champaign, C hristian, 4/3p.m 165, 000 | Hail and wind....| Greenhouses, roofs, and windows et by Do.. 

Greene, Jersey, McLean, nes much cous ‘truit injured. Storms gener- 

Macon, Macoupin, Ma- ally “occurred in the afternoon. 

dison, and Montgomery 

Counties, TM. 

Dallas, Tex. (vicinity of) 4 | 7:20 p. and fruit injured Do. 

an 
Seneca Coun- Wind and hail....| Property damage reported... Do. 
es, 0. 
Sumter, 8. C. (mear)....... 5, 000 barns, and plate-glass windows dam- Do. 
an n 
Flint, Tex 6 a.m... 4 mi. Heavy hail........ Considerable damage to roofs and crops over Do. 
path 20 miles long. 
Grady County, Okla......-. 6 | 5:45 p. m.. 8 mi. 30, 000 |..... Rs eens Heavy crop loss; some damage to other property Do, 
Stevens County, Okla...... 6 | 8:30 - m. 10 mi. 20,000 | Two hailstorms...| Heavy m4 and considerable property damage Do. 
10:30 over path 40 miles long. ‘ 
p. m. 
| Heavy hail........ severe, crope practically a total loss..... Do. 
Okla. (7 miles 6 880 |. Crop fos property $2,000. Do. 
southwest of). Path, 8 miles. 
6-7 | 10:45 p. m, 7 mi, 95,000 | Hail and a to tomato and crops; Do. 
la. m. amage to farms and y 

Garvin County, Okla...... OF 5-15 mi 100, 000 | hailstorms._. crop and erty damage Do. 

west of). 

pao City, . (south 7 Thunderstorm Roof damaged; wheat beat Do. 
...| Wind and hail_...| Character of damage not Do. 
Mont., and vicinity_| 8-9 5,000 | Wind and snow...| Several plate glass windows broken; numerous Do. 
signs and chimneys blown over; wire systems 
; some loss of livestock. 
Springfield, Mo....... 9 | 2:20 a. m. 10,000 | Severe thunder- | Numerous basements flooded. Do. 
Hollister, Mo.............- 9 Severe hail....___. Fruit and gardens injured.....................-- Do. 
Gibson and Shel- Hothouses and windows damaged............... Do. 
y Counties, Tenn. 
Chgtapoeen, Tenn., and 10 | 3:22. m_.j_... Thunderstorm....| Wire systems, streets, sewers, and gardens dam- Do. 

vVicin 
Arlberg, 10 | 1:30 p. 3 mi. Heavy hail__...... Crops injured; roofs Do. 

Cotton and 10 | 8p. m..... 6 mi. and property over path 25 miles Do. 

Tillman "Counties 

Walters, Okla., and vicin: 10 | 8:30 p. m.. <n cnet td crops ‘and property damaged over path 20 miles Do. 
Madison and Chambers 10 Heavy hail_______. Charscter of damage not reported_.............. Do. 
ounties, Ala. 
10 vtion of damage done owing to backward condi- Do. 
cr 
Madison County, Fla....... 11 | 12:30a. m ter of damage not reported .......2....... Do. 
Del Rio, call Sa iecuaieiisinabie-e 11 | 6-6:30 p.m_ 50 1 18,000 | Tornado. ......... Houses unroofed; windows broken; oil derrick Do. 
and bane around it blown down; 30 per- 
sons injured. 
— and Caddo Coun- 11 | 6:30 p. m_. Damage chiefly to crops; path 10 miles long.---- Do, 
Minco (near) to Mustang, 11 | 7 p.m..... 150 1 250,000 | Tornado.-__....__- 12 me gy eompletely demolished, others dam- Do.. 

Okla. aged; 7 persons injured; path 20 miles long. 

Okla., and 11 | 9:30 p. m.. Heavy hail_._.__.. and property damage considerable; path Do. 

vic y. 

Perrine and Peters, Fla... About 10 per cent of tomato crop Do. 
30 mi. 50,000 | Two hail storms. property and crop damage; also poultry Do. 
Yoakum, 12 | 11:30. 250,000 | Severe crop damage; windows broken........... Do. 

pa m 
McCurtain, Okla. (near) 200 4 000 | Houses unroofed; trees uprooted; light buildings Do. 

to Fort Smith, Ark. am moved from foundations; 13 persons injured. bere ssa (Fort Smith, 
Rockspring s-Leakey- 12 | 7:50 p. m.. 1, 760 74 | 1,230,000 y destroyed; Do. 

Utopia, Tex s injured; path 65 miles long. went ” 

nor 
(7 miles 937 No damage reported - Do. 
Robert Lee to Bronte, Tex... 13 | 12:05 a. m_ 880 |...... 53, 000 property damage over area covered; Do. 

persons in 

Belton - Pendelton - Eddy, 13 | 5:30 a, m_../400-1, 760 |.....- 145, 000 Many families homeless; livestock or U. S. Weather Bu- 

Tex. ; heavy loss to pecan and fruit trees re ‘ Temple Daily News 

ex. 
Arlington to Hebron, Tex... 13 | 7-8 a.m... 150 2 26, 000 Cons ofa 8. Weather 
rsons 
13! 2p.m..... 440 175,000 |..... Several omes wrecke or unroofed De. 


1 “Mi.” signifies miles instead of yards, 


2 Damage includes that at Lufkin on the 14th. 
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Severe local storms, April, 1927—Continued 
Width | Loss| Value of 
Place Date | Time | of path, | of Character of Remarks Authority 
yards | life Eotoves storm 
Appleby, 13) 23p.m_.. 880 - in must be replanted; corn and U. S. Weather Bu- 
gardens 
Atlanta, Tex......... dich se 13 } 2:45 p. m.. 150 $50,000 | Tornado. -.... ....| Two business houses and a dozen others dam- Official, U. 8. Weather Bu- 
aged; large trees uprooted. — (Te ; Morning 
ews (Tex 
Furnas County, Nebr..._-. 13 | &6p. Considerable damage in some poultry | Official, U. 8. Weather 
killed; area 15 square miles. ureau. 
Crockett, Tex. - 13 500, 000 and rain....| Damage principally by Do. 
western). 
Desert, Tex. (3 miles north 13 ae |) Small tornado..... Almost everything in path destroyed--.......... Dallas Morning News (Tex.) 
ait Tex... 13 ....]| Garages and autos damaged; livestock injured....| Official, U. S. Weather Bu- 
reau. 
Woden, Tex. ... 13 do... A schoolhouse, 3 residences, nos 2 autos wrecked. Do. 
Shiner, Tex. 14 | 12:30 a. m. 100 Tornado Only moderate damage reported................ Do, 
Mount to Walnut 14 | 1-24. m... 200 4,000 |... RRC Three houses blown down roy damage to tomato | Dallas Morning New (Tex.). 
Grove, Tex. ; and other crops. 
Ti ty, 14 | 34a. m...|. Hail and wind... residences, barns, timber, etc., blown 
Marshall, Tex. (5 miles 14 | 4:45 8. m.. 1 Tornado..........| Many houses unroofed or otherwise damaged; Do. 
south of). telephone lines and trees damaged. 
Lufkin, Tex. 14 | 6:20 a, m.. 150 ....| A mill and several other buildings wrecked___.__ Official, U. S, Weather Bu- 
reau. 
San Augustine; Tex....... -| 14 | 8:30.a. m. Moderate Do, 
Greenwood, La. (2 miles 14 | 8:41 a. m_- 880 700 | Tornadic wind..--| Severe d d structures, signs, e Do. 
of). bus loaded with sl children pin 
uring several 
Ark. (south- 14 | 2:45 p. m. 10,000. | Tornado. -......... ~ and trees damaged; 5 persons Do. 
jure: 
Pine Blut, Ark... 14] 3p. m.... Wid... Minor Do. 
FER jhidiietoancidaad 15 | 3:30 a. m_-} 7-10 mi Heavy hail_....... Some crop and property damage........-...---- Do. 
Columble, Miss 15 Thundersquall_...| Considerable local damage. Do. 
Meridian, Miss... 15 1 High wind .......- Large __ razed; minor injury to buildings, Do. 
trees, etc, 
Louisiana (southern in vi-| 15-16 Thunderstorms. Extensive damage by Do. 
cinity of New Orleans). 4 
Auburn, Calif_............. 16 | 7p. m....- 880 30,000 | Heavy Cherries and early plums almost total loss... Do. 
Mobile, Ala... 8,000 | Thunderstorm - Sit po sustains heavy loss; Do. 
er minor damage. 
Arkona, Okla. 17 16} houses damaged Do. 
Port Smith, 17 i Thunderstorm....| Glass broken; trees Do. 
17 Winds. ...... — State cause damage to ship- Do. 
é g and so 
Washita County, ---| 23 mi 50,000,| Heavy Damage chiefly to crops over path 10 miles long. Do. 
Van Arsdale, Ka pi 18|,130p.m..| 200 600 | Tornado.......... Only small buildings and telephone lines dam- Do. 
Harper to Eckert, Tex. .... 18 | 5:30 p. m.. 300 80,000 Livestock killed; buildings wrecked; 7 persons Official, U. Weather Bu- 
ex. 
Moore, Tex..........--...- 18 | 7:30 p. m.. 200 2 6, 000 |. ...do. 1 home completely demolished; 8 persons in- 
Arkansas City, Kans......- 8p. m Small tornado.....| 1 house damaged; telephone poles and trees ‘omen, U. 8. Weather Bu- 
own down 
th miles 18 60 Houses partly unroofed; trees and fences torn 
gown. over path 15 long; 4 persons 
| 11:30 440 1 60,000 Nearly ev building in path demolished; 13 Do. 
Choctaw County, persons in 
Blanco Coun Tex. (Wal- P.m. Farm buildings and a church wrecked; several | Dallas Morning News(Tex.). 
= ‘on lowout sec- persons injured. 
ions). 
Heavy hail......._| Slight to considerable Official, U. 8. Weather Bu- 
reau. 
Cave Springs, Mo. (near). A.m... Tornadic wind....| 3 barns wrecked; a dwelling unroofed and a | Springfield Daily Morning 
school house demolished News (Mo.). 
Boone to Adair County, 19} 10a.m.to| 6mi. 10,500 | Hail, wind, and | Many bridges washed out; trains delayed; win- | Official, U. 8. Weather Bu- 
to M noon. rain. dows broken; roofs punctured; crops injured. reau. 
uincy, Il... | 19} 10:20 a. mj, 12,000 | Heavy hail........ Much damage to fruits, roofs, windows, and Do. 
au 
East-central Boone Coun’ 19.| 11:30 a. m. 4 000 | Tornado_.........| Tree tops  eristod off; 30 buildings demolished or Do. 
northeastward to isk * a damaged; 4 persons injured. 
Aber (4 tales 19|1p.m 60-600 | 21 | 1,369,500 do Many_buildi damaged; D 
Ford. Livingston County Ai Pach, 170 long; 123 persons injured, 
Washington County, Iowa.| 19| 2p, m_..- 640 20,000 Character of damage not reported..............- Do. 
ae and Huron Coun-| 19|7-8p.m 138, 000 Tornadic winds...| Extensive property Do. 
Mel (near), Mich. 19) 745 p. m.. Small tornado... . uprooted; several barns demolished; many Do. 
gs 
Cley-Park County, Ind....| 19 000 wind....) D of various kinds Do: 
Effingham County, Ill_.... 5,000 | Tornado. erable damage over path 15 miles long; 3 Do, 
0 re’ - 0. 
a : 19 5,000 | Severe squall._.._- Area covered about 4 city blocks; 1 building Do. 
i. 3 moved; 14 poles blown down; many buildings 
il damaged by water. 
d Lake Counties, j sustains heavy loss. 
t 
+ Damage included in that of the 13th, 
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Severe local storms, April, 1927—Continued 
Width | Loss| Value of 
Character of 
Place Date Time of path, | of perty Remarks Authority 
yards’ | life | destroyed storm 
West Union, 8. C. (near).-./ 19 $2,000 | Electrical. ........ Barn and contents Official, U. 8. Weather Bu- 
Pryor to Okla. ... 20 | 6p.m..... 8 mi. ...| Moderate hail__... chiefly to crops................ Do. 
— — orm and hail. garden truck injured; telephones out of order; 
Tex. 20 100,000 | Heavy hail__. gecmmuiae chk coal ty de Do 
son injured. 
Dubuque County, Iowa, | 20-21 Sleet Overhead wires broken and a few poles snapped... Dov. vik: 
Tornado..........} Considerable over small area; Do. 
Palestine, Tex. 12:45 a. m 100 aod damage 
ours. 
ne oe 21);2 wad 000 | Thunderst T t houses on several tations wrecked; Do. 
Harmon to Gross, La m.. 3, 520 50, erstorm 
Ballard C K 21 nods, || br wind. 
Fort Gibson, Pte en: 25|9p.m = Small tornado.....| Several houses and barns dem ; trees up- | Fort Smith Journal (Ark.). 
Covington, Ind...........-. Heavy hail........ Damage slight to considerable. Official, U. S. Weather Bu- 
soutnwi 
Hardy, Nebr. 28 | 3:30 p. m. 100 |... 5,000 | Tornado. ......... Farm buildings destroyed; path, 9 miles long. -- 
(south- path, 9 miles. 
Anderson and Bourbon 29 30,000 | Buildings Do. 
Bedford, Seottsbure, and 29 Heavy hail........ Damage slight to considerable.................-- Do. 
, Il., and vicinity 29 3,520 50,000 |..... Extensive damage; orchards not hurt... Do. 
Louisville, Ky., and vicini TAR 20,000 | Character of age not reported ..............-. Do. 
— Va., 29 High a schoolhouse and many trees Do. 
wo 
Pairwold, 5,000 | Thundersquall__..| A dwelling and 2 stock barns damaged.......... Do. 


STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


In connection with a disturbance over northeastern 
Missouri, which was moving eastward on the morning of 
the Ist, northeast storm warnings were ordered between 
Atlantic City and Boston, and for the next two days 
radio bulletins indicated strong winds off the Middle 
Atlantic coast. Winds occurred as forecast in the 


vices. 

On the evening of the 6th, with a disturbance over the 
lower St. Lawrence valley, advices were issued by radio 
for strong winds on the following day along the Atlantic 
coast from Sandy Hook northward. Similar advices 
were distributed the morning of the 7th for the Middle 
and North Atlantic coast. Strong winds reaching gale 
force at times occurred substantially as indicated. 

Special observations at 2 p. m. of the 9th indicated the 
development of a disturbance with probable northeast 
movement near Cape Hatteras, and northeast storm 
warni were ordered from Delaware Breakwater to 
Boston. The disturbance, however, moved almost due 
east and winds on the coast were only fresh, but were 
strong off the coast in region of storm center, as far east 
as Bermuda. 

Southeast storm warnings were ordered on the east 
Gulf coast between Bay St. Louis, Miss., and Apalachi- 
cola, Fla., on the morning of the 14th in connection with 
a disturbance over southeastern Texas. Winds were 
strong at times over the greater portion of the area 
indicated. 

Small-craft warnings were ordered on the 20th from 
Delaware Breakwater to Eastport, on the 21st from Bay 
St. Louis, Miss., to Apalachicola, Fla., and on the 22d 
from Boston to Jacksonville. 

On the morning of the 26th, with a disturbance of 
considerable intensity over Lake Huron, southwest 
storm warnings were hoisted from Delaware Breakwater 


to Eastport, and strong winds occurred. Small-craft 
stg rere also ordered south of Delaware Breakwater 
to Norfolk. 

On the 17th storm warnings were ordered at 3 p. m. 
from Delaware Breakwater to Cape Hatteras in connec- 
tion with a disturbance over Ohio, and strong winds and 
gales occurred over the region of display. 

Small-craft ae ay were hoisted at 10:30 a. m. of the 
29th from Delaware Breakwater to Boston. wens 

Warnings of frost or freezing temperatures were issued 
for considerable areas on the 11th, 20th, 22d, 23d; 24th 
and 30th, and for limited areas on the Ist, 5th, 14th, and 
21st, with timely accuracy in the great majority of 
cases.—R. H. Weightman. 


CHICAGO FORECAST DISTRICT 


The two outstanding features of the weather of April, 
1927, in the Chicago forecast district were the frequency 
with which precipitation occurred, and the’ severe 
freeze at the beginning of the third decade. Not a single 
12-hour period (considered as beginning at 7 a. m. and 
7 p. m.) passed without at least 0.01 of an inch of pre- 
cipitation somewhere in the district, while the freeze 
caused serious damage over a wide area in the southern 
portion of the district. of 

Frost warnings—At the beginning of the month 
vegetation was subject to frost damage only in the ex- 
treme southern part of the district, but by the close this 
stage had been reached elsewhere in the forecast district, 
re in most of the Dakotas and the northern portions 
of Minnesota and Michigan. The only frost warning 
issued prior to the 14th was that on the 1st for south- 
eastern Kansas, most of the fore part of the month hav- 
ing been cloudy and rainy. 

On the morning of the 21st general warnings of freezing 
temperature or of heavy to killing frost were issued for 
practically all the southern half of the district. At that 
time an abnormally cold high pressure area overlay the 
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Rocky Mountain region and the Great Plains section. 
At Huron, S. Dak., the temperature fell to 13°, breaking 
all previous records there for so late in the season. The 
frost and freeze occurred as forecast and the resulting 
damage was, as has already been stated, serious over a 
wide area. +The movement of this high-pressure area was 
sluggish, with the result that frost occurred successively 
on four. — in much of the southeastern part of the 
district. other frosty period occurred at the close of 
the month in portions of the Lake region, and fruit and 
vegetables suffered further injury in lower Michigan. 
of these frosts were forecast. 
_ Storm warnings.—-The storm-warning season on. the 
Great Lakes year on the 10th—about five days earlier 
than usual. Prior to that date three advisory warnings 
were issued for Lake Michigan. These were on the Ist, 
4th, and 8th. In the first:two cases winds of storm force 
occurred over the lake. ‘Those of the 4th were severe in 
certain cases where thunderstorms were an accompani- 
ment. Thus, at Chicago the 5-minute maximum velocity 
was at the rate of 58 miles an hour, with an extreme 
velocity of 66 miles an hour. Furthermore, the Dines 
pressure tube anemometer registered a gust at the rate 
77 miles an hour. yet 
After the beginning of the storm-warning season 


proper, either storm or small-craft warnings were issued J 


son seven occasions. 
On the night of the 12th northeast storm vrarnings 
were displayed along the west shore of Lake Michigan 
from Chicago to Sheboygan. Verifying winds occurred 
as forecast. 

The next storm ing of i ance was issued on 
the 19th for the upper Lakes. A disturbance of con- 
siderable ‘intensity was at that time over the upper 
Mississippi’ and. lower Missouri Valleys, with a cold 
high pressure area over the northwest—the same high- 
pressure area that later caused the severe freeze referred 
to in a previous paragraph. On the evening of this date 
the warni were extended over the lower Lakes. 
They were verified on the upper Lakes and on extreme 
-western Lake Erie. 

Storm warnings were again issued on the 21st for all 
the Great Lakes — Lake Superior. These were 
. pr only in part, but fresh to strong winds were 


A timely small-craft warning for all the Great Lakes 
was issued on the night of the 25th, and again on the fol- 
lowing night for the upper Lakes. 

A well-defined storm was centered on the morning of 
the 29th over Missouri and pepenred to call for storm 
warnings on Lakes Erie and the southern portions of 
Huron and Michigan. However, the storm took an 
east-southeast course, and the only verifying velocity 
reported was that at Chi ——C. A. Donnel. ~ 


NEW ORLEANS FORECAST DISTRICT 


Over the middle Mississippi Valley and western tribu- 
tary basins, especially the basins of the White, Arkansas, 
Ouachita, and Red Rivers, heavy rainfall from April 7 
to 16 resulted from low pressuré over the Southwestern 
‘States, while the pressure was high over the Great Lakes 
and the north-central districts; and very heavy rains 
from the 19th to the 21st occurred during the Bepere 


of a trough of low pressure followed by an area of unusu 


» high pressure. Occurring while a great flood was in 

this heavy ‘ipa: rainfall resulted in 
ar higher. water on the, Mississippi River, from Cairo to 
near 


e mouth, than had ever previously been recorded. 
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Southeast storm warnings were displayed from Morgan 
os to Brownsville at 8 p. m. of the 12th, because of a 
well-defined disturbance over the Rio Grande Valley. 
This disturbance moved slowly and the warnings were 
continued at 8 p. m. of the 13th, small-craft warnings 
having been’ displayed meanwhile on the Louisiana coast 
coabiad Morgan City. The warnings were verified. 

Southeast storm warnings were displayed on the Texas 
coast from 8:30 p. m. of the 17th to 8:30 p. m. of the 
19th because of a trough of low pressure which was 
attended by strong southerly winds to gales on the Texas 
coast. 

On the night of the 20th-21st an area of high pressure 
advanced rapidly to the Texas coast, after the manner 
of a winter ‘‘norther,” and northerly gales reached the 
east coast of Texas in the early morning of the 2ist. 
Northwest storm warnings were displayed at 8:30 a. m. 
of the 2ist on the Texas and Louisiana coasts and were 


justified; “norther’” advices for Tampico, Mexico, were 
issued at this time. 


Frost warnings for the northwestern and occasionally 
for the northeastern portion of the district were issued 
on the ist, 17th, 20th, and 21st, the warnings of the 2ist 
applying also to most interior sections of the southern 
—— Conditions generally occurred as forecast.— 

A. Dyke. 

DENVER FORECAST DISTRICT 


Temperatures averaged considerably below normal in 
Montana, Wyoming, and northern Utah, and above 
normal in Colorado, New Mexico, and Arizona. There 
was an excess of precipitation in Wyoming and eastern 
Montana; elsewhere in the district amounts were below 
normal, The noteworthy feature of the month was the 
stormy weather in eae extending from the 10th to 
the 16th, inclusive. During most of this week snowfall 
was state-wide and almost continuous. The amounts in 
the southern and eastern parts of the State were heavy, 
the accumulated depth on the ground at Cheyenne being 
10 inches on the 14th. Traffic of all kinds, including the 
transcontinental air mail, was delayed considerably during 
this period. While livestock suffered considerably, there 


were no great losses. Warnings of frost or freezing | 
‘temperature were issued almost every day, mostly for 


western Colorado, but occasionally for eastern Colorado, 
New Mexico, and southern Wyoming; these warnin 
were generally verified. Advices of fresh to strong winds 
were furnished the air mail services in southern Wyoming 
and eastern Colorado on the 2d, 3d, 8th, 9th, and 18th. 
No cold-wave warnings were issued.—E. B. Gittings. 


SAN FRANCISCO FORECAST DISTRICT 


The barometer was low over the lower latitudes of the 
ocean at the beginning of the month, a condition prece- 
dent to rather general rains in the Pacific States for a few 
days thereafter and calling for small craft warnings on 
the central California coast on the Ist. The barometer 
rose gradually over the ocean south of latitude 40°, 
while a disturbance which proved to be of persistent 
character developed in the upper Gulf of Alaska, A 
series of offshoots from the latter passed inland between 
the 2d and 7th, the last of which required the display of 
warnings at seaports in Oregon and Washington on the 
6th. the 8th the center of low pressure shifted inland 
from the Gulf of Alaska to the Great Basin consonant 
with a change in orientation of the major axis of the 
Pacific High to a north-south trend. This situation 
prevailed until the 13th of the month, and during this 
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time .temperatures over most of the district were below 
normal. Frost warnings were required for all or parts of 
Washington, Oregon, northern California, and Idaho 
from the 8th to the 13th, inclusive. This cold period 
was terminated by the entrance of a storm from the 
northern ocean on the 14th which required the display of 
storm warnings at northern ports, and this was followed 
by two successive depressions which formed in the upper 
ulf of Alaska. At the same time a very strong and 
widespread increase in pressure took place over other 
parts of the northeast Pacific Ocean, and an oceanic 
HIGH developed similar in character to that which had 
occupied the ocean during the —_ yer of the month 
when Lows generated in the upper Gulf of Alaska. With 
the passing of the last low-pressure area from this sector 
the axis of the Pacific n1¢H assumed a north-south direc- 
tion, and southwest gales, for which warnings were 
displayed at northern oe on the 17th, were followed by 
colder weather in Washington, Oregon, Idaho, and 
Nevada. Frost warnings were issued for these States 
on the 18th, 19th, 20th, and 2ist. The frosts which 
occurred on the two latter dates were unusually severe 
especially in eastern Washington, eastern Oregon, an 
Idaho, where several stations reported the lowest April 
temperatures of record. No general warnings were 


issued thereafter until the close of the month.—Thomas 
R. Reed. 


RIVERS AND FLOODS 


By H. C, FraNKENFIELD 


The t flood in the lower Mississippi Valley con- 
tinued throughout the month and can not yet be properly 
discussed. ter the flood has finally subsided a special 


report will be made in the form of a Monraity WEATHER 
Review SupPpLeMEent. Perhaps it will be sufficient at 
this time to state only that the flood from Cairo, IIl., 
southward was the greatest in the history of the lower 
Mississippi Valley, although from New Orleans, La., to 
the Gulf of Mexico not the greatest as to actual stages, 
as the premeditated cutting of the levee at Caernavon, 
La., depressed the flood crest at. New Orleans at least 2 
to 24% feet, and possibly a little more. 

The following table shows the crest stages at certain 
river stations where they exceeded previous records, and 
also the highest recorded stages previous to 1927: 


Present flood crests Previous records 
Stage Stage 

56.8 | Apr. 26-27_........-! 55.2 | Apr. 22, 1913 
Arkansas City, Ark... 60.5 | Apr. 58.0 | Apr. 22, 19221 
Greenville, Miss. 54.7 do. 52.1 | Apr. 25, 1922! 
Vicksburg, 58.7.) May 65.0 | Apr. 28, 1922! 
Natchez, 56.5 O46. 55.3 | Apr. 26, 1922 
Baton Rouge, La 47.8 OS | Ee 45.7 ay 16, 1922 
Donaldsonville, La.............-- 37.1 | May 16, 16, 17_..... 35.9 4 
37.4 | May 36.5 | —— —, 1882 

42.4 | 41.8] July 6, 1908 
Melville, 43 46.8 | May 14, 15, 16......) 45.9 | May14, 1922! 
Pine Bluff, Ark... REPS 30.5 | May 22,1892 


1 And subsequent dates. 


There were no high waters of consequence in the rivers 
of the Atlantic and East Gulf soe merely a few 
local rises to the flood stage or sli tly higher, and 
without material losses. 

The Ohio River was in moderate flood from Evansville 
to Mount Vernon, Ind., on April 16 and 17, and remained 


MONTHLY WEATHER REVIEW 


and 19 over the drain 


ApriL, 1927 


at very high stage throughout the month below the 
mouth of the Wabash River: (Hak 
On account of frequent rains, the interior rivers of the 
State of Ohio were quite high during the’ month; al- 
though there were only a few minor overflows: without 
resulting emg The same was true of the: Wabash 
River system, the rivers of which had been very high dur- 
ing the month of March also. The Tennessee River was 
not in flood during the month except at Johnsonville, 
Tenn., from April 15 to 18. tart 
The floods in th upper Mississippi system as well as 
those in the Arkansas and Red systems will be treated as 
a portion of the great flood. It may be remarked that 
the Illinois River was continuously in great flood through 
out the month. 
Heavy rains on April 7 and 8 and again on April 18 
e area of the Arkansas: River 
from Witchita, Kans., to the Kansas-Oklahoma line caused 
more or less severe floods in the tributary streams and 
a crest of 20.0 feet, 5.0 feet above flood stage, in the 
Arkansas River at Arkansas City, Kans., on April 9... 
The loss and damage, mainly along the ype 
streams, amounted, as reported, to $235,500, of whic 
$105,000 was in crops. ‘The reported value 
of property saved through the warnings was $45,000. 
est Gulf drainage.—A series of heavy rains during the 
second and third decades of the month» resul in 
sustained floods of fair proportions in the Sabine, Neches, 
and Trinity Rivers, for which warnings were issued as 
required, beginning with April 13.. A great quantity of 
livestock and other movable property was moved upon 
receipt of the warnings, and the reported value of ‘pro- 
perty saved thereby was $50,000: Losses as given 
aggregated $58,500, all in the Trinity River area; and 
about equally divided between prospective crops: and 
business suspension. A moderate flood in the Guada- 
alupe River of Texas from April 14 to 18 was also well 
forecast, and virtually no losses resulted. There were 
also moderate floods from April 4 to 7 and April 27 to 
May 5 in the Rio Grande from below Albuquerque to 
San Marcial, N. Mex., that were well forecast. No 
reports of damage were received. 
Pacific drainage.—No rises of consequence occurred 
except in the Colorado River and tributaries within the 
State of Colorado. They passed off without special 


- incident. 
River and statior Flood 
From—| To— | Stage| Date 
ATLANTIC DRAINAGE 
James: Columbia, Va..............- 18 | Apr. 23 | Apr. 23 18.5 | Apr. 2B 
EAST GULF DRAINAGE 
Etowah: Canton, 11 | Apr. 11} Apr. 11 12.7) Apr. 
eb. 
West Pearl: Pearl River, La........ Rape a6 | Apr 18 
MISSISSIPPI DRAINAGE 
Apr. 309] Mar. 25 
pr. ar. 
Evansville, 35 Apr 4 | Apr. 18] 364) Apr. 
ar. 
Dam No. 48, Cypress, Ind...... 35 Dr, 18 |, 355 Ape 
Apr. 10 40.7 ar. 
85 13| Apr. 20) 87.2] Apr 717 
Shawneetown, 35 () Apr. 2%| 443) Apr 
Apr. 13} Apr. 24| 47.2] Apr. 18 
Tuscarawas: Gnadenhutten, Ohio - . 9| Apr, Apr. 3 Apr. 3 
Green: Lock No. 2, Rumsey, Ry. 23 34 pr. 16 4 19 34.2 Apr. 17-18 


! Continued from last month. * Continued at end of month. ' é 
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oo Above flood Crest Above flood Crest 
stages—dates Flood stages—dates 
River and station ee) River and station stage 
id From— | To— Stage Date -From—| To— Stage Date 
"MISSISSIPPI DRAINAGE—continued MISSISSIPPI DRAINAGE—continued 
Wabash: Apr. Apr. 7| 153] Apr 3 Arkansas: Feet Feet 
Lafayette, Apr. 10 | Apr. 12}..12.7) Apr Arkansas City, 19| Apr. 9| Apr. 9 20.0 | Apr. 
{ae 18 22} 164 20 Ralston, Okla.” 16| Apr. 21| Apr. 16.0| Apr. 21 
Covington, 20 | Apr 24| Apr 22 Dardanelle, Apr. i3|  () 82.7} Apr. 19 
Apr. Apr, 12) 17.7| Apr. 12 Little Rock, Ar Apr. 15| Apr. 33.0) Apr. 2 
Terre Haute, Ind............-. -- Apr 22] Apr. 25] Apr 24 Pine Blof, 25 82.4! Apr. 21 
Apr. 18] 19.5 Yancopin, Ar: 29 ) 48.5| Apr. 20 
Tippecanoe: Norway, Ind.......----| ‘ 6.5 | Apr. Apr. 20| Apr. 22} 25.8| Apr. 
White: Decker, Ind...............-- {, 9. 11,12 ’ 1} Apr. 5 Apr 2 
pr. 7 . 13 19.0 | Apr. 11,! 17 
Apr. 7} Apr. | 7 Oswego, Apr. 8| Apr. 25.4| Apr. 2 
White, East Fork: Seymour, Ind... Wyandotte, 23 Apr. 13| Apr. 20} 29.5! Apr. 15 
White, West Fork: Apt. Apr. 190] Apr. 3 Apr. 14 |...do..... 32.0 Do. 
E Ind. - 6| Apr. 9| 226)Apr. 8 Part (Abt. Apr. 4| 23.0) Apr. 
Edwardsport, Apr. 3] Apr. 12 17.8 | Apr. 9 bson, Okla. Apr. 11 | Apr. 
Tennessee: Johnsonville, Tenn---.-.. Apr. 15 | Apr. 18 32.2) Apr. 17 2) Apr. 
Elk: Fayetteville, Tenn...........-. Apr. 11; Apr. 14; 220) Apr. 13 Cottonwood: Emporis, Kans....... 20 rs 
20) Apr. 20} 05 
pr. 20| Apr. 24 
Warsaw, North Canadian: Oklahoma City, 12| Apr, 12| Apr, 13} 143/ Apr. 13 
‘Apr. 1 Okla. 
Quincy, 14 re“ 16 17.5 Apr. 22 Petit Jean: Danville, Ark..........- 20) Apr. Apr. 25) 285) Apr. 15 
Hannibal, Mo. 13 () Apr. 29 18.0 hite: 
Loujstans, Mo. 0. 13 Apr. 1 |...do....| 16.5) Apr. 23 k Beach, 30 | Apr 
yceene ' Apr. 2 8 25.8 | Apr 25 Calico Rock, Ark............... 18 | Apr. 13 | Apr. . pr. 
21 |...do.... 31,2 Do, Batesville, Ark 23 | Apr, 12} Apr. 24| 423) Apr. 15 
ais, M 30 4) Apr. 7) 310) Apr, Newport, 26 |...do..._. Apr. 35.6 | Apr. 16-17 
80 Napr. 13 36.1} Apr. 26 Georgetown, Aric ga) Apr. $0.3) Apr. 17 
27| Apr. 3 34.5 Clarendon, Ark...... 30 | Apr. 16 ) Apr. 
30] Apr. 2 40.0} Apr. 20-21 Buffalo: Gilbert, "| 30} Apr. 14°] Apr. 15 Apr. 
$6.8 | Abr. 20-27 Leeper, Mo. 14 | Abr. 16 188 | 
Des Moines: Cache: Patterson, Ark.-....... 12 |" 16.0} Apr. 19 
Tracy, lowa. 15 | Apr: 20 | Apr. 20 5 | Apr. Yazoo: Yazoo City, Miss. 25 
IOWA... ene 10 | Apr. 19 | Apr. 23 Apr. Tallahatchie: Swan Lake, Miss..... 25 $1.8) Mar. 22 
17 | Apr. 8| Apr. 20 2%) 26] Apr. 16| 27.0| Apr. 16 
10 1 Springbank, 87 Apr. 40.2 | Apr. 27-28 
Hovan, = Apr. 26 Little: Whitesifis, Ark... 28 Apr, 16) Apr. 29.9/ Apr, 24 
Beardstown, Ill. .... Sulphur: 
Ringo Grossing 26.3) Apr, 15 
Pearl, de 12 22.7 Apr ey Tex 20 re Abe 2 21.0 Apr. 
Apr. 220] Apr. 34 1g 12] Apr. 16) 191) Apr. 13 
Pacific, Mo-. 11, jApr. 9 Cypress: Jefferson, Tex........-- pr. 20} Apr. 23| 19.6! Apr. 21 
Apr. 21 | Apr. 2: . Ouachita: 
Apr. 5|. 27.2) Apr. 4 Apr. 15| Apr. 17| 21.9)Apr. 16 
Valley Park, 14 Abr Abr: m6 Abr. 18 Arkadelphia, Abe ap. 
Bourbeuse: Union, Mo.........-..- 12 16| Apr. 16| 120| Apr. 16 ia. 40 
St. : Atchafalaya: Melville, La...... 37 
St. Francis, 17)  @ 26.4| Apr. 18 
Marked Tree, Ark. ......-.-..-. 17 Apr. 9 WEST GULF DRAINAGE 
Kansas City, Mo............--..| Apr. 19] Apr. 22| 2.8|Apr. 21 Sabine: 
Waverly, Mo. (23 Apr. 23 | 25.6 Bo. La 35 Apr. 15) 20.2 Apr. 19 
91] Apr, 20] Apr. 25| 240] Apr. 23 Bon Wier, 
Apr. 4| Apr. 4| 21.0] Apr. 4 Neches: pr. 
‘St. Charles, 25 KARE Abr: 30| Apr. 24-25 Dalles, Tex. Apr. 19 |, Ape. 31 
‘Apr. 14| Apr. 18} 28.9] Apr. 16 Trinidad, Tex. 28 Apr. 
Solomon: Beloit, Kans_......- 18 Apr. 22} Apr. 22 19.5 | Apr. 22 Long Lake, 1 3 pr. 31 
Grand: Apr. Apr. 3] 27.5] Apr. 3 pattie: River, 30) Apr. 14) Apr. 14) 85.0| Apr. 14 
Chillicothe, 18 Abr. 10 286 Apr. 2 Victoria, Tex 16 Ape am 18 
Thompeons York: Trenton, 90 | Abe, 20| Abr, | Apr’ 2 Grande: Sam Marcial, N.Mex..| 97 Apr. 29 
Osage: § ACIFIC DRAINAGE 
oo Apr 4) 266) Apr 
‘Tuscumbia, Mo......... ll Apr. 29 36.8 Apr. 18 1 Continued from month, Gage carried away Apr. 29. 
1 Continued from last month. 1 Continued at end of menth. * Continued at end of month. 
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MEAN LAKE LEVELS DURING APRIL, 1927 
By Unirep States Laxe Survey 
[Detroit, Mich., May 5, 1927] 


The following data are reported in the ‘Notice to 
Mariners”’ of the above date: 


Lakes ! 
Data M 
Superior| an Erie | Ontario 
Huron 
Mean level during a 1927: Feet Feet Feet Feet 
Above mean sea level at New York...... 601.41} 578.78 | 245.97 
Above or below— f 
Mean of March, 1927....... 30 +0. 65 +0. 26 
Mean stage of April, 1926.......-. +1.31 96 +0. 94 +1. 05 
Average stage for April, last 10 
—0.03 —1.06 —0. 25 +0. 06 
recorded April stage.....| —1.28 —4,45 —2, 43 —2. 46 
Lowest recor: A SEs +131 +0. 96 +0, 94 +118 
since 1860) of the April 
from the March level_...............-. +0. 06 +0. 23 +0. 54 +0. 59 


1 Lake St. Clair’s level: In April, 1927, 574.15 feet. 


EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, APRIL, 1927 


By J. B. Kincer 


General summary.—At the of the month 
temperatures were rather moderate, with an extensive 
storm area moving eastward over the interior valley 
States accompanied by unsettled, rainy weather. Follow- 
ing the passage of this Low, a high-pressure area advanced 
eastward attended by somewhat lower temperatures, 
but. thereafter it became warmer over Northern States. 
In the Southwest the weather was persistently warm with 
local reports in central Gulf districts of record high 
temperatures for so early in the season. Rainy weather 
continued in the interior States during the second decade 
with rain occurring every day during the first part with 
heavy to excessive rains over the lower Mississippi River 
further aggravating the already serious flood conditions 
that had prevailed along the trans-Mississippi States. 
Cessation of rains made more favorable weather during 
the last decade over central areas and temperatures 
continued abnormally high over eastern sections. Cooler 
weather overspread the central portions of the country 
about the 22d, and toward the close of the month sub- 
normal temperatures prevailed quite generally in most 
States east of the Rocky Mountains. 

Temperatures were rather too cool for best growth of 
crops the first part of the month, especially in northern 
sections, but the moderate to abnormal warmth in 
central and southern portions favored rapid advance. In 
the interior valleys field work was delayed by continued 
rains or wet soil, and these conditions prevailed well into 
the second decade with some damage by heavy rains 
flooding lowlands and washing soil in parts of the southern 
Great Plains. Conditions were favorable for field 
operations during the latter part of the second decade in 
more Eastern States, but in parts of the Southeast rain 
was badly needed with some western Gulf districts and 
parts of the Southwest lacking moisture. The soil con- 
tinued saturated in most central areas with a consequent 
delay in field work, and plowing and ey ete were 
seriously delayed, but toward the close of the month more 
favorable weather enabled farm work to advance wher- 
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ever the soil had dried out. -The cold weather the latter 
part was decidedly unfavorable and more or less damage 
resulted to fruits and tender vegetation over a wide area 
from the southern Great Plains eastward to the Appa- 
lachian Mountains. 

Small grains—Good growing conditions for: winter 
cereals prevailed quite generally during the first decade 
and the progress of the wheat crop was mostly satisfac- 
tory, except where moisture was needed in parts of the 
Great Plains area. The weather was mostly unfavorable 
during the second decade with heavy to excessive rains 
over the central and western portions of the wheat belt 
and some flooding and washing, but under the prevaili 
mild temperatures wheat made mA advance where it 
was not too wet or flooded. Cool weather checked 
growth somewhat the latter part and toward the close 
there were complaints of plants yellowing on lowlands of 
the lower central valleys because of persistently wet 
conditions, but outside of the inundated districts generally 
good growth was reported. 

Corn and cotton—The persistently wet soil in most 
central sections considerably retarded the p .of corn 
planting and at the close of the month this work had 
as far north as southern Virginia.and 
ocally in the Ohio Valley, with planting begun in ‘most 
portions of Kansas. 

Cotton planting made fairly advance in most 
portions the first part of the month, with seeding’ becom- 
ing more active toward the close of the first decade, 
although some central sections of the belt were too wet. 
The northeastern cotton districts were too dry and rain 
and warmer weather were needed, but. in most other 
areas planting made satisfactory progress. It made good 
advance the latter part and was well along as far north 
as central South Carolina and extending imto northern 
Georgia. Chopping was progressing in more southern 
districts. In Texas progress of the early — was poor, 
due to cold, wet soil, and in other parts of this te 
dry weather with high winds was detrimental. 

Ranges, pastures, and livestock —Pastures made gener- 
ally good advance during the month in most northern 
sections east of the Mississippi River, but in the South- 
east rain was needed. Except for some local areas where 
it was too dry, ranges were mostly good in western areas. 
Livestock were in generally good condition, but some 
losses occurred in several States due to cold, stormy 
weather. 

Miscellaneous crops.—Potato planting advanced during 
the month northward to South Dakota and the western 
Lake region and, except for some local frost injury, the 
crop did well generally. Truck crops also were favorably 
affected, except for some local frost injury and where the 
moisture was deficient, particularly in the Southeast. 
Sugar beets were mostly planted in Colorado at the close 
of the month and seeding was being rushed in Wyoming. 
Tobacco transplanting made good advance, but was 
awaiting warmer weather in some northern areas. 

Fruits did well the first part of the month, but duri 
the last decade more or less frost injury was repor 
from many sections in the south-central portions of the 
country. Citrus were affected adversely during most of 
month in one to pack of rain, much 

ropping reported at the close, but generally satisfactory 
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WEATHER) ON «THE: ATLANTIC AND PACIFIC OCEANS 


NORTH, ATLANTIC OCEAN 
By F. A. Youne fad) 
A marked decrease was noticed in the number of days 
with gales during April as compared with March. 


the former month they were not reported on more than 
4 days in any 5° square, or on more than 2 days east of 


the thirtieth meridian. Another noticeable feature was 


that over 80 per cent of the gales occurred in the first 
half of the month. Ly@s 
Fog over the Grand Banks was less frequent than usual, 


while.the number of days on which it occurred was not 


far from the normal along the American coast between 
Hatteras and Newfoundland and considerably above 


over the steamer lanes between the twentieth and thirty- — 


fifth meridians, where it was reported on from 6 to 9 days. 


TaBLe 1.—A , departures, and extremes of atmospheric pres- 
sure at sea level, 8 a. m. (seventy-fifth meridian), North Atlantic 
Ocean, April, 19287. 


A Average |. Depar- | High- Low 
Stations |ipredsure | est | Date 
Inches Inch Inches Inches 

Belle Isle, Newfoundland. _._- 29. 81 —0.02 | 30.36 | 22d__ 28.92 | 10th. 
Halifax, Nova Scotia... ....... 29. 97 +,.08 | 30.50 | 4th ?_ 29. 26 | 28th. 
30. 04 +.06 | 30.42) 15th. 29. 48 Do. 
3C. 10 +.09 | 30.42 29.72 | 30th. 
30. 03 4,01; 30.10 | ‘Ist 29. 92 Do. 
New Orleans. 30. 04 +.04 30.34 | 22d?_.._| 29.82 Do. 
Swan 29. $8 —.10 | 29.94 | Ist.-.._. 29. 80 Do. 
+.05 | 30.16 29.96 | 28th. 
30.12 .+.12 |} 30.32 | 2ist....-| 29.58 | 10th. 
Horta, 30. 16 +.05 | 30.84 | 12th..-__| 29.78 | 27th 
Lerwiek, Shetland Isiands_._- 29. 66. —.14 | 30.06 | 16th..__.| (29.13 | 22d. 
Valencia, Ireland - 30. 04 +.15 | 30.40 29.50 | 8th. 
London . 29. 96 +.09°} 30.37 | 12th... 29. 46 | 9th.? 


Greenwich mean noon, or 7 4. m., seventy-fifth meri fe 
*And on other dates. 


The results for Julianehaab, Greenland, are omitted, as 
observations for 12 days are missing. Judging from re- 
ports received from that place there was a period of low 
ema there durirg the second decade, with a minimum 

arometric reading of 29.26 inches on the 15th. Anti- 
cyclonic conditions prevailed during the last decade, 
orerenty culminating on the 25th or 26th, as readings 
of 30.36 inches were recorded on both dates. 

On the Ist there were three well-defined disturbances 
over the ocean; the first, a shallow depression off the 
American coast between Hatteras and the Virginia capes; 
the second, central near Sydney, Nova Scotia, and the 
third near 45° N., 35° W. On the 2d the position of 
these Lows had changed but little, and on both dates 
moderate gales were reported by a number of vessels west 
of the thirtieth meridian. By the 3d the first disturbance 
had increased in intensity and was central near 36° N., 
66° W., with strong northeast gales prevailing between 
the Bermudas and coast of Maine; the second and third 
disturbances had apparently combined, and occupied the 
position of the latter on the a day, while moderate 
westerly gales occurred in the southerly quadrants. 

During the next 24 hours both of the Lows moved 
rapidly eastward, and on the 4th the center of the western 
was near 33° N., 45° W., and the eastern near 53° N. 
22° W., while gales of increased force still prevailed 
between the forty-fifth and fifty-fifth parallels, and the 
twentieth and thirty-fifth meridians. On the 5th the 
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1 From normals shown on Hydrographic Office a eg based on observations at 


eastern disturbance was near 57° N., 15° W., and on the 
6th off the north coast of Scotland, while on both dates 
moderate weather prevailed over the greater part of the 
ocean. 

The eastern Low moved but little during the nexi 24 
hours, while on the 7th a depression moved over New- 
foundland, and strong southwest, gales prevailed between 
the Bermudas and the fortieth parallel, the station at 
New York reporting, wind NW.,.force 9. On the same 
day northwesterly gales were also reported over the 
eastern section of the steamer lanes. 

Charts VIII to XI show the conditions from the 8th 
to 11th inclusive, which was the stormiest period of the 
month. 

On the 12th southerly to westerly gales occurred over 
a limited area in mid-ocean, and northerly gales in the 
North Sea. On the same day, and also on the 13th, a 
well-developed depression was over the Straits of Gibral- 
tar, and vessels in that vicinity, as well as along the coasts 


-of Spain and Portugal, encountered winds of force 7 to 8. 


On the 13th and 14th an area of low pressure overspread 
the western section of the Gulf of Mexico, a'though judg- 
ing from reports received to date, it was not accompanied 
by heavy winds. 

On the 15th and 16th anticyclonic conditions prevailed 
generally, except that on the latter date and also on the 
17th there was an area of low pressure off the south coast 


_ of Iceland, attended by strong westerly gales in the 


southerly quadrants. 
On’ the 17th St. Johns, Newfoundland, was about 300 


-tniles north of the center of a tow that remained nearly 


stationary during the next 24 hours and then moved 


slowly northeastward. On the 18th northerly gales were 
. reported by vessels in the westerly quadrants. 


On the 20th an area of low pressure was central near 
50° N., 36°.W., accompanied by moderate weather near 
the center, while gales were reported between the 
thirty-fifth and  forty-second perallels, near the thirty- 
fifth meridian. 

On the 22d and 23d the stations on the north coast of 
the Gulf of Mexico reported high barometric readings, 
Galveston recording 30.42 inches on the 22d. As a 
result of this high pressure a moderate ‘“‘norther’”’ pre- 
vailed in the Gulf on both days. 

On the 22d an area of low pressure to the southward of 
Iceland was responsible for southwesterly gales of the 
coasts of Scotland and northern Ireland. 

On the 23d one of those peculiar disturbances that 
sometimes appear suddenly in southern waters was 
central near 35° N., and 45° W.; the storm area was of 
limited extent but the force of the wind was the highest 
reported during the month, as shown by the storm report 
of the British steamship Tiverton. 

On the 25th Shields, England, was near the center of a 
deep depression and westerly winds of force 7 prevailed 
as far west as the twentieth meridian. 

On the 27th Father Point, Quebec, was near the center 
of a Low that drifted slowly eastward and on the 30th 
was off the west coast of Newfoundland. On the 28th 
gales were encountered by vessels in the southerly quad- 
rants, and winds of force 8 were reported by the !and 
— at New York and Port au Basque, Newfound- 
and. 
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Position at time 


Gale 
ended 


Direction 
and force 
of wind 
at time of 
lowest 
barometer 


Shifts of wind 
near time of low- 
est barometer 


Vessel 
From— To— 
North Atlantic Ocean 
Standijk, Du. Rotterdam. New York 
Grete, Ger. 8. Savannah...) Bremen...) 
Maravi, Br. 8. S........-.- New York... Banes, Cuba- 
Bellflower, Am. S. Liverpool_.-.| 
Englewood, Am. 8. 8....- Bremen ......| New York... 
Am, Am. 8. Antwerp. Boston_--...- 
Woensdrecht, Du. 8. 8....| Texas ity-..; Thameshaven 
Blue Triangle, Am. 8. Gibraltar_.... Boston... 
United States, Dan. 8.8.) New 
Alberta, Ital. 8. Gibraltar__._- Philadelphia. 
Thuringia, Ger. 8. 8_....- Cebh. .......| Boston... ..... 
_ Weirbank, Br. M. 
Am. Trader, Am. 8. New York_._| 
Wellfield, Br. M. 8._.--.. Hull. :.....--| Key West...- 
West Ca 8. = $.8_| Portland,Me- Hamburg - --- 
Homestead, Am. 8. 8..... New York. Port Said 
Oso, Be, 8. 8.2... Port Said._..| Rotterdam__- 
Huntsman, 8. Savannah _...| New Orleans.) 
Casper, Am. 8. 8........- | Gothenberg..| Norfolk ...... 
Marie Ger.S.8.| Antwerp._-.- Porto Rico__- 
Deer Lodge, Am.'8. 5._...1 Rotterdam.:.| Galveston. -- 
Gulfbreeze, Am. 8. 8____- | Port Arthur__| 
Stockholm, Swed. 8. 8....| Gothenburg..| New York. -- 
Tiverton, Br. 8: .... Liverpool....| Houston. 
Gudrun Maersk, Dan.8.8_|- Port Said Bremerhaven 
Gulfbreeze, Am. 8S. Port Arthur..; Boston. 
North Pacific Ocean 
West Himrod, Am.8.8__.| Yokohama_--| 
Tamiaha, Br. 8. 8..... San Pedro....| Shanghai-__-.-- 
Biyo Maru, Miike.......- Vancouver... 
Fukuyo Jap. 8. do_._.._..| Grays Harbor 
Tacoma, Br. Shanghai....- San Pedro-... 
Somedono Maru ,Jap.8.8_.| Muroran._--- 
Reiyo Maru, Jap. 8. Miike... Los Angeles. 
Arizona Maru, Jap. 8. bay Victoria. -.. .. 
West Am 8.8). Portland 
Lurline, Am. 8. S.....-.- Seattle Honolulu.___- 
Baro, Jap.8.8_| Puget Sound_| Yokohama._- 
Absia, Du. 8. San Pedro-_..-. 
Pres. San Franciseo} Yokohama 
West Kader, Am. S. 8____|' 
iver 
West Niger, Am. 8. 8__ Yokohama Portland 
Yoneyama Maru, Jap. 8.8. Puget Sound .| Yokohama._- 
Tuscaloosa City,Am. 8.S_.| New York-_.-| Pacific coast 
Niagara, Br. 8. Honolulu._.__| Victoria._.... 
Yoneyama Maru, Jap.8.8- Sound Yokohama... 
West Niger, Am, 5. 8....| Portland—.... 
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4 ‘ a9 Low. | Direc- Diree- 
Voyage oflowest Time of tion of tion of | Highest 
barometer ‘Gale wind wind | force of 
. began |, lowest rome-| when when | wind and 
Latitude Longitude : began ded 
Mer. 31 E......| Nu NNE..| N., 
i | Mar. 31 | 2a., | SS'W., S8W-W.-wnw. 
‘ Apr. 1! %p.,.....| E....... WSW.,5... WNW-! W,, 8......| SW.-_NNW. 
\Apr. WSW_.| WSW., 7... NW....| W., 9._....| SE-5.-W. 
Noon, 4_.| WSW..| WSW.,9..| W.....-| W., 9..._... WSW.-W. 
bApr, 5| Mdt. SB. 8.2.11) B., 92.1.) NEB. 
| Apr. 7} Noon, 7..| 
Apr. 8| 2p.,8..--| WNW.| WNW.,8..| WNW_) NNW.9-. 
Apr. 8| 2a.,10_.. | ESE... WSW.,8..| SW....| 8.,10......| 8.-WSW. 
Apr. 8| 2p., 10.-.- W.. NW., WNW.-W. | 
: Apr. 10| lay | SW., WNW.) SW.-WNW. 
Apr. 11} 6a., | S......-| 8....-.-} SSW...| 8., 10.-....| Steady. h 
bApr. 12) 8p., | ENE-.| NE--10-..| NE.,9....| ENE.-NE, t 
Apr. 12 | NNE..| NNE., 9..| NNE..| monde. 
Apr. 16| 7p., 16 SW., W__....| SW., 10._.| SW.-W. 
| Apr. 19| ip., | N......| NNE.,-...| NNE.-| I 
20/ 1la., 20-__| | SSW__.| SSW.,9.__.| NNW .| SSW. 9._-| SSW.-W-NNW. 9 
Apr. 21| 8a., 21.._-! N., 8......| N., 8.5.21.) Steady. 
| Apr. 4p., | W.. NW_ W. SW.-NW.-W. 
| Apr. 22| 4p., 23____| | SE..___| NE., 10-..| NNE__| 
| ‘Apr. 25| Mdt.,25_.| WSW._| NW.,9....|........-| NW., 9....1 WSW.-NW. § 
Apr. 27| 9p., SW....| SW., 7....|.........| NW., 10..| SW.-NW. t 
Apr. 1| 8a, 1.-...| Apr. 1 Ny q 
| Apr. 6| 4a,,6.....| Apr. 6 NW....| NW,, 7..... NNW .| NW.-NNW, 
| Apr. 5 4p., 5...-.| Apr. 7 | BSE___| ESE.,9._.| ESE_._| ESE.,9____} Steady. 
|Apr. 4| Noon, 4.-| Apr. 9 | N......| NNW.,8..| NW_...| NW.,9.__. 
| Apr. 7| Midt,7..| Apr. 8 | NNW..—.) NEAN-W. 
Apr. 7| 2p.,8...--| Apr. 10 N__....| NW., —..| NW....| WNW., 9.| 4 pts. 
‘at | Apr, 10} 3a., 10....| Apr. 10 NW....| NW., 8..... NNW NW., 8....| Steady. 
| Apr. 13| 10p., 13... Apr. 14 NNW_| NNW.,7._| NW....| NNW.,9- Do. 
ot | Apr. 15| 8p., 15..-.| Apr. 15 | ENE BN N......| ENE.,8._.| ENE-N. 
Apr. 15| 14....| Apr. 15 | NW.... NW....| NW.,8..-.| Steady. 
Apr. 16} 6p., 16_...| Apr. 17 §.......| ENE.,8_..| ENE.-ESE. 
Apr. 16| 8p., 16....} Apr. 17 NNW NW.,8....| W=NNW. 
Apr. 16| 3p. 16_...) Apr..19 NwW.,8....| N.....-| NW.,8....| Steady... . 
Apt. 12| 10p., 13...| Apr. 20 | NW... NNW || ENE.,8...| NWANE. 
a Apr. 21| 5p., 21....| Apr. 22 | NNE.- N......| NNE.,8...| NNE.-N. 
— Apr. 21} Apr. 23 | NW ...| E.,10_.....| Steady E, 
Apr. 24) 4a., 25....Apr. 25 | W_.....| NW.,—...| NNW.) NW.8....| WNW.-NW. 
Apr. 28| 9a., Apr. 29 | NE...) NE.0....-| N......} NE.0.....) NE-N) 
| | Apr. 30| 6p., 30....|May 1 NW. 8....| W.....| NW, 
— : } i 
rl 
— ah 
— 
— 
—_ 
— } 


ApRiL, 1927. 


By E. Hurp 


The Aleutian Low, showed more than ordimary disin-  jg99 and 7° below the-normal. 
pa, 1927. It lay over 1 


west of Alaska on only 


tegration for the month in A 
Bering Sea and the islands sout 
a few days, its activities being mostly confined to the 
upper and eastern waters of the Gulf of Alaska, this 
principally during the first 6 and the last 10 days of the 
month. Its general center, as in March, lay near Kodiak. 
West of the Peninsula of Alaska pressure on the average 


ge 
was much above normal, and during most of the month 
an patieycione was situated over Bering Sea. 


The North Pacific HIGH was composed, generally 
speaking, of two parts, one lying off the coast of Cali- 
fornia, the other in«middle latitudes west of the one 
hundred and sixtieth meridian of west longitude. Be- 
tween the two a few intruding shallow Lows caused brisk 
winds, which at times rose to force 8, over the western, 
part of the California-Hawaiian routes on the 15th, 17th, 
24th, and 25th. 

The pressure conditions at various island and coast 
— in west longitudes are shown in the following 
table: 


TaBLE 1.—Averages, departures, and extremes of atmospheric pres- 
ro at sea level at indicated hours, North Pacific Ocean, April, 
19. 


_Aver-'| Depar-} 
Stations... High- | pate | | Date | 
Sure 
Inches} Inch Inches Inches 
Dutch Harbor 30.04 | +0.21 | 30.46 | 3d____. 29,00 | 8th. 
BG; 30.17 | +0.37 | 30.68 | 2d___.- 29.18 | 8th. 
29.78 | —0.02 | 30.36 | 17th. 29, 36 | 23d.5 
Midway Island! —0.06 | 30.24 | 23d__ 29.62 5th. 
30.01 | —0. 06 30.11 | 29th. 29, 88 | 10th. 
29.88 | —0.08 | 30.40 | 18th_ 20,45 | 27th. 
Tatoosh Island 30.02 | —0.02 | 30.49 | 20th__ 29. 51 | 6th. 
Francisco? 30:03 | —0.01 | 30.19 | 4th_. 29. 83°} 10th. 
Didgo? 30.00 | +0.04 | 30.16 | Ist_. 29.88 | 17th. 
1 P, m. observation only. : 4 For 29 days. 
2 A. m. and p. in. observations. 4 On other date. 


§ Corrected to 24-hour mean. 


Owing to the position of the Hawaiian Islands with 
reference to the western part of the anticyclone already 
referred to, the northeast trades prevailed with unusual 
steadiness at Honolulu, The maximum wind velocity at 
this station was 35 miles an hour from the northeast on 
the 13th; the average hourly velocity was 9.7 miles. 


Re 


month. 


parallels. 
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NORTH PACIFIC OCEAN cool weather for the season occurred off 


the lower coast of Alaska. At Juneau this was the coldest 


on record, the, average temperature being 34°, 
w 


ich is 1° lower than that of the previous low record in 
Unsettled weather. prevailed,.in middle and upper 
Asiatic waters owing to the rapid succession of high and 
low pressure areas, incident to the. time of year, which 
came from the continent. No severe storms occurred off 
these coasts, but. on several dates there were fresh gales 
south and east of Japan, accompanying eastward-moving 
depressions which skirted the islands. There were no 
disturbances of a tropical nature in the Far East this 

April is not ordinarily a very stormy monthfon the 
North Pacific, but there were fewer gales than usual on 
the ocean this year. These few occurred largely in middle 
and higher latitudes along the western reaches of the 
sailing routes between America and Asia, and were 
mostly of forces 8 or 9. On the 1st; 6th, 7th, and 22d 
ales attained the maximum force of 10 for the month. 

he whole gales of the 1st and 7th were experienced by 
steamers near longitude 176° E., latitudes 48° and 44°, 
respectively. Early in April some moderate to fresh 
gales occurred off the Washington coast, among thera 
eing a whole gale of short duration—a 61-mile wind 
from the southwest—recorded by the Weather Bureau 


station at Tatoosh Island on the 6th. The gale of the 


22d was experienced in the lower part of the Gulf of 
Tehauntepec. It was easterly in direction, but was 
really a deflected norther occasioned by the strong south- 
ward extension of a H1GH from the United States. The 
American steamship Tuscaloosa City, which encountered 
it, reported quickly freshening winds upon entering the 

f on the 21st, and as rapidly moderating winds upon 
eaving it on the 23d. 

Fog in April showed a decided increase over that of 
March along the upper sailing routes between the eastern 
Aleutians and Japan, and a slight increase thence south- 
ward to the thirtieth parallel, it being observed daily 
somewhere within this range. South of the central 


_ Aleutians it occurred principally during the first decade 


and west of the one hundred and eightieth meridian 
during the last decade. Between 160° and 130° west 
longitude. fog was less frequent than in March and was 
reported on only a few days over the entire area, mostly 
within two or three degrees north and south of the 
fiftieth parallel. Along the American coast it was fairl 

frequent, especially between the forty-fifth and twentieth 


¢. 
ad 
low- 
er 
ae 
ie 
| gal 

wins 

: 


206- MONTHLY WEATHER REVIEW APRIL, 1927) 
CLIMATOLOGICAL TABLES! HT AO 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. : 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. ae cate 

The mean departures from normal temperatures and precipitation are based only on records from stations that ; 


have 10 or more years of observations. course, the number of such records is smaller than the total number of 
Condensed climatological summary of temperature and precipitation by sections, April, 1927 . ya ms 
Temperature Precipitation 
Monthly extremes & Greatest monthly Least monthly 
= 
| $s Station i Station Station Station 
= 
op) | °F, oF, °F, In. | In In. In. 
Alahamb. -......--+-- 68.1 | +4.6,| 2 stations... 93) 218 Bernard 29 23 2.28 | —2.01 | Riverton_..........- 0.28 
60.7 | Agua 106 Fort 12 14 || 0.57 | —0.10 | Crown 2.26 | stations...........- 0 
65.7 |(4-4.3 Harrison... 99 27 | 2 26 22 112.93 | +8.05 | Story................ 5. 94 
| 54.7 | —1.3 | Greenland Ranch..-| 108 | 25 | Helm 12 | 18 |} 2.36 67 | Fordyce 12,90 3 0,00) 
Colorado. 44.2 | +17 26} —16 12 1.44 4.38 | 2 stations...._..- 
72.4 | +2.5 | 2 stations___. 94 27 | St. 37 24 1.36 7.54 | 0.07 
67.5 | St.G 28 | 2 stations.__.. -| 26 23 2.00 6.11 oat Rock... 0.41 
43.3 | —1.4 Chattin’s Flat. 95 26 20 1.22 2.74 | Glenns Ferry 0. 02 
. 53.0 | +0.6 | 85 28 23 6.95 10.98 | Aledo._....... ---| 3.98 
52.5 | | Hickory Hill..._:...|. 89 19 222 5.91 | +2.42 | Mount Vernon......| 11.29 | Huntingburg........| 3.28 
49,2) | Little Sioux: 91 26 21 |} 4.84 | +1.85 | Mount Ayr- 9.06 | 2.09 
57.2 | +3.4 26 21 4.82 | +2.23 | 15,12 | Elkbart............-] 1.07 
Kentucky- 58.7 | +2.8 Williamsburg. 92) 218 26 6.39 | +2.36 | 13.25 | Lexington._......... 3. 89 
71.2 | +42 | Lake Providence....| 93 25 34 23 || 6.85 | +2.15 | Pharr (Avoca Island)| 18.90 | 0. 92 
Maryland-Delaware__| 50.0} —2.5 | Millsboro, Del--_-_- 94 20 | Oakland, 18 11. 4 71 | +1.35 | Lutherville, Md....] 7.30 d, Md......-.| 2.87 
43.2 | +0.4 Cassopolis 89 9 11 || 2.48 | +0.02 | Centerville (near)...| 6.33 | Iron Mountain......| 0,74 
Minnesota... .......-- 43.4 | +0.4 | Farmington____.__.. 88 18 | Ttasea State Park..| 11 21 |) 2.55 | +0.53 | New Ulm..__...._.. 5.69 | Sandy Lake Dam...| 0.66 
68.9 | +4.6 | 93 8.) Laurel 31 23 |} 5.12 | —0.07 | 13. 67 | Brookhaven......... 1,02 
Missouri. 57.7 | +2.6 | Popular 4 27 | 18 22 || 8.46 | +4. 73 | Hollister...........- 18.25 | 3.95 
Montana... 40.6 | —1.8 | 88 29 —5 20 1.20 | 40.05 | Adel. 4.52 | Sunset 0.22 
Nebraska. 49.1) | 26) Hay 0 4.84 | +2.40 | Falls City...........| 9.05 | Haigler__... Py 
Nevada.......... 47.9. —1,0 | 102.) . 26 | 2 10 || 0.64 | —0, 18 Ranger | 3.21 | 2 stations_...........| 0. 
tation. 
New England -.....-- 43.3.) 2 stations. 2... ... ,-.-| 91) 220} 2 5 1.59 | —1.62 | Colchester, Conn....| 3.09} Hiram, 0, 13 
New Jersey..-...----- 47.5 | 20 | Runyon... 17| 10 || 2.42 | —1.25 | Moorestown......__- 3.97 | 1.00 
New 58.3 y Ranger; 2 13 || 0.37 | —0. 66 | Cloverdale 3.67 | 0, 00 
New 43.6} —O0.8 91 20 10 2 || 1.97 | —0.91 | Allegany State Park.| 3.42 | Moria..............- 0. 35 
North 58.9 | +0.8 | 20 22 || 2.77 | —0.89 | Jefferson. 6.66 | Southport........... 08 
North Dakota... . 41.4 | —0.8 Hettinger. ..- 95 26 | 2 7 27) 1.70 | +0.32 | 2.95 | 0.41 
49.8 | —0.1 | Portsmouth... -.... 49 | 21 24,|| 4.13,| +0.87 |. Peebles... | Cleveland 
Oklahoma. Erick: . 101 | “28 | Boise City. 21 6,29 | +2.18 | 15.94 | Kenton. 0.59 
46.6 | -1.3 20 || 1.94) —0.40 | Bull Run Lake..::.-| 10, 24 
Pennsylvania 1407 1 11 3.52 | +0.15 | -Gettysburgh &: 59 | Wilkes-Barre... 1.65 
South Carolina._.....| 63.2 23, 1.58 | —1.41 | Caesars Head 4.60] pick 0.20) 
South Dakota 44.8 21 || 4.41 | +2.28 | Ranger Sta- 1.24 
tion. 
Tennessee 62.7 23 || 7.08 | +2.59 | 14.40 | Knoxville..........- 3.05 
69.4 21 || 3.10 | —0.15 | Winfield (near)_..... 11. 38 | 2 stations............ 0.00 
46.7 212 || 1.24 | —0.11 | Silver Lake.........| 5.75 | 5 stations............ 0, 00 
52. 9 44 24 || 6.21 | +1.90 | Hot 2.71 
Washington --__....-- 46.1 | —1.5 | Wahluke..........-- 91 25 | Lake Keechelus__._- 2 20 || 1.95 | —0.61 | Heather Meadows...| 15.78 | 7 stations............ 
West Virginia ---..... 52.0 | +0.3 | Moorefield 91; 20] 16 25 || 5.93 | +2.27] 10.21 | 2. 62 
Wisconsin... 43.5 | +0.1 | Prairie du Sac______- 85 | Long 6 7 || 2.44 | +0.04 | Williams 5.42 | 2 stations...........- 
39.4 | —1.0 | Fort 88 26 | —18} 19 || 2.85 | +0.85 6 0.45 
Alaska (March) __....- 23.1 | —1.6 | 2 stations............ 59/ 31] Allakaket........._. —55| 17 || 5.49} +1.68 20.48 | Kennecott..........- 0.05 
70.9 | +0.9 | 4 90 | Volcanoobservatory| 51 | 78 |/12.06 | +3.56 | Honomanu Valley...| 51.97 | 0. 50 
Porto Rico........-.- 75.2] ©.0| 3 stations............ 93 50} 14 | 7.52) +2.77| La 19.11 | Santa Rita.........- 0.75 
1 For description of tables and charts, see Review, January, 1927, page 43. ? Other dates also. 
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TaBe 1.—Climatological data for Weather Bureau Stations, April, 1927 
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TaBLE 1.—Climatological data for Weather Bureau stations, April, 1927—Continued 
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4) 5) 2i 
17} 6} 18) 11 


17; 13) 11) 
2} 101 6.9 0.0 0.0 


5} 5} 4) 21) 7.4) 14.1) 0.0 


6 
13} 3) 13) 14) 6.8; 0.0; 0.0 


17; 12) 18 


35) ne, 


nw. 


8 5, 605 


17) 9, 185 


+1. 7; 14/10, 114) e. 
2. 


15] 4, 528] nw. 


80; —0.7| 13) 2,514) nw, 
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TABLE 1.—Climatological data for Weather Bureau stations, April, 1927—-Continued 


punoi3 


punois 


Elevation or 
instruments 


Bas 


BAER 


-Aprit, 1927 


District and station 


Middle Slope 


Denvel. 


Yellowstone Park ___. 
North Platte. 


Kalispell 
Miles 
Sheridan. 


Dodge 
Broken Arrow 


74| 73| 4. 
72 6. 


52 
4 


4| 67) 64 1,41) —0.7| 12) 6,975) ne. 


13 
1 
1 
1 


++ 


said 


58. 6} +0.2 
34. 0) 


d¢seec 


& 8S F 
aa & 


1020.07 130.01 


! Pressure not corrected to mean of 24 hours. 


944 


566 


2, 


Grand Junction ...._.. 


Alaska 


San Luis Obispo. 


nd, Oreg........ 


e 


Panama Canal 
Balboa Heights. ...._. 


Colon 


Southern Slope 


Hawaiian Islands 


Honolulu... 


pokane.. 


Southern Plateau 
El 318, 
Northern Plateau 
Lewiston. 
Pocatello 
8 
Walla Walla. -........ 


San Dj 


Boise 


3 
< 


Salt Lake C 


2 
< 


Oklahoma 


Del Rio 
Medfo 
Portla: 
Roseb' 


| & (ga | Maximum | $5. 
| & | | a es 
Northern Slope 2, +0, 
Havre 29.96} +. 03) 42. —1.5| 25 11} 19) 31 35 27 1.24 +0. 2} 10) 6,346) sw. 9 7 
Helena. 110 112 29.96 —. 01] —2.2| 26 3| 20| 31 34 0.31} —0. 8 6, 844] sw. | 45) sw. | 16) 2) 11) 17, 7.0 7. 
2,9 56 29.96} .00| —2.8| 25 20| 31] 34 0.41} =0.6| 5,132) nw. | 28) w. | 15) 14] 
\2, 371] 48) 55 30.01 +.05| —0.3| 27 19} 19 37} 38} 66) 2.37) +1.2| 5,256] nw. | 36) se. 10, 9| 21. 
13, 259) 58 30.01) +. 06) 42.3 —1.9 11] 20 36 4.49} +2.2) 16) 6,448) n. 34) n. 18 13) 5. 38. 
(6, 088} 84! 101 29, 92| +.01| 40 —0.5| | 16) 21| 33 2. +0.4| 10/10, 112) w. w. 2} 20 
(5, 3 68 29.95) +. 01) —1.4) 18) 21) 34] 27) 64) 3.0 +0.9) 7) 4,291) w. | 40) sw. | 30) 13) 8| 34. 
3, 7901 10) 47 20, _| | 4.[......| 13} 3,875] nw, | 37) se. 12) 42 
6,241] 48 29. 98| +. 02 | 20] 34 25 72} 1.0 19) 6,713) | 18 7/11) 
2,821; 11) 51 29.94] 02 | $9) | 22] 21 43| 43 +1.2| 11] 6,400] se, | 33) n. 4 9 off 
— | | 3 | 
5, 202) 106) 113 89} —. 01 23 34 56| 1. 11} 6, 34 se. 5. 
Pueblo. 685} 80) 86 —.04 | 86 44 39) 25) 42) 0. 3} 6, 40| nw. 5. 10. 
50) 58 91) —.02 26 20; 34; 49 73) 3. 14) 6, 40) nw. 
500) 11) 51 90} .00 | 87) 26 25| 46) 48 67| 4.3 10} 7, | 39) nw. 
765} 18 56 -| $8} 36 6.9 13)10, 49} s. 5. 0. 
10} 47 89] —. 03 | 89} 10 34 55 4.5 8, 48} nw. 0. 
> 8 1, | 
8} 10) 52 29. 86| —.04| 81} 33] 22] 55| 56 48| 57| 3.87) +1. 8, 471| s. w. 11) 14| 0.0: 0.0 
10) 49 29. 86; —.01| 921 27| 76 21| 45 46) 46| 47] 1.95) 40.2] 4| 6,451] sw. | 35/n. | 20,20 0.01 
71 29, 83} —. 06| 72. 6 | 94} 4} 84) 44} 22] 38) 61] 53} 59) 1.36) 7,353] se. | 70, nw. | 11) 15) 3. 0.0 0.6 
75] 85 29, 82) —.03) 61.7 91} 30] 78} 32] 22) 45| 46) 45 32} 0.01) ~0.9| 1) 6,581] sw. | 40\ sw. | 11| 23 0 a0! 
58.5] 0,24) —0,1 | 3. | 
778| 152} 175 29. 84| +-..01| 64.7] +483) 90] 27] 78 13| 51| 35} 46 27; T. | 9,508] w. | nw. | 18 23 7 d 2.21 T. | 0.9 
38] 53 29.82} —.02| 48.8] 1| 75| 27| 61] 23] 36 36] 23) 44] 0.58] —0.3| 6) 4,878 sw. | sw. | 11/13 8 4.7| 5.6) 0.0 
10] 59 29.84|' 43.5] 3) 74) 24] 58] 18] 14) 29) 45} 0. 5} 6,761] sw. | s. 10| 10, 14) 5.0) 0.0 
108} 10} $2 29.86) —.01| 67.3] 3| 99} 82! 39] 13] 52) 42} 61) 37] 421 0.35] 3, 540) e. 27| nw. | 14) 12) 5) 3.9 0.0 0.0 
141] 54 29. 87) —. 02! 69. 9| 4|104} 25] 86] 42] 53 54 0.15] 3,917| w. | w. 4] 27; 1) 2.1.7} 0.01 0.0 
957, 25 29. 88} —.02| 57.0} 9) 88) 26) 73} 24] 10) 41) 43) 0.10} 0.0) mw. 10; T. | 0.0 
48.0) — 0.54) —0. | yas 
532} 74| 81 29. 95| —. 47.0} —0.3} 84] 25| 60| 10| 34) 43} 37} 26) 49) 0.421 0. 6,203} w. | 43| w. 2| 14! 12) 4.0} 4.2! 0.0 
090} 12) 20 29. 47. 78} 25 30} 36) 21 ms... 
344) 18] 56) 29,97; +.01) 45.2) —1. 5) 85) 25 15| 10} 31) 46] 37 63} 0.64) —0. 7| 6,682] me. | 36) mw. | 16| 15 13) 2) 4.1) 0.0 
473| 10| 43! 29, 86 —. 02! 45.8} —0. 2} 79| 26] 61/ 19 31, 49 22} 45! 0.31] —0.5| 9,015) sw. | sw. | 14) 12) 4) 4.9 T. | 
360] 163) 203 29.92) 48. 8} —0. 83} 26 28} 48] 1.11] —1.2| 5,684) nw. | 56) w. | 27) 11) 7| 12) 5.9 2.0 
602| 60 68) 29. 83; —0. +0. 83] 26 14 28| 44} 0.20; —0.6| 4/ 4,9521 | sw. | 10) 13) | 
tt: 53) 0.84) —0, | | 6 
471) 53] 26.41) 30.01) —2. 4) 82| 25] 54) 18) 20] 31) 39 57} 0.61} —0.3| 11} 5,316) se. nw. | 11) 5) 16) 6.9 1.5! 0.0 : 
739| 78} 27.13) 30.00) +. 02| 4) —2.0| 87] 26) 59} 22) 20 35 53} 0.64) —0. 5 4,359] se. | 25, nw. | 6) 15 6.9 0.0 
757; 40} 48) 20.19 30.00) +. 01 9} —2. 0} 86] 25) 63) 23) 20 37) 3, 396] e. 25, nw. | 27| 12) 13; 0.0) 0.0 
477| 60| 68| 25.39! 20.92] —.02| 7| —0. 3) 80] 26) 56| 20) 20 26 2.03} 0.0} 6,746] sw, | 46) sw. | 15, 9| 14| 0.0 
929} 110) 27.92) 29. 4) —2.0| 79) 26) 57) 21} 20 36 53} 0.89) —0. 4, 545) s. 31} sw. | 17| 8} 14) 1.0 0.0 
57} 65| 28,92) 30.00, —.01| —2.1/ 85) 25 25| 20 31} 42} 31 —1.2 4, 330} s. 34] sw. | 17 13 5. 0.4) 0.0 
as 0. 71) 2.21) —0, | | 
211] 11} 29.83! 30.06) +.01| 46.4} —1.1) 62| 21) 51 s| 25) 4 2.98} 0. 11, 637| n. | 58| sw. 
8} 30. 44. 65} 11] 53 20 1.06} —0.9| 10] 4,921| sw. | 38) sw. 
125| 215} 250 29.90} 30.03}. 00 48.7) —0.7| 72] 24| 56) 33) 19 24} 43} 37! 69] 1.58) —0.8| 14) 7,416) s. 44) sw. 
194] 172} 201] 29.83} 30.03} 49. 3| 4-0. 75] 24| 58) 32! 20 1.34) 1.5} 11] 6,8401 sw. | 48) sw. 
86 29. 30.02, -+. 02; 45. 4| —0.7| 58] 11| 49] 35! 7 1¢ 0} 85) 5.03} 19,10, 845) w. | 61) sw. 
1,425} 2|------| 87} 25] 63| 26] 19 43} 36} 67] 1.20) fil 
68) 05} 0} 2) 81) 24! 61 20 31} 45} 37) 61] 1.69) 30| sw. 
| 510 07; 4) 4| 86) 25) 64 20 44 38; 67; 1. 25) sw. 
3 | 
73 ni. 8| 62) 27 43, 221 46) 44) 85 | 5,776 n, | 33) n. & 
332| 50 —. 05) 2) 2} 94) 24) 71) 33] 47/ 38) 50; 42| 59 4| 4,872) nw. | 27) se. 
69] 106) 1 —. 02} 88] 24! 69] 34) 10) 32] 51| 46] 69 | 6,122) s. se. 
155} 208) 2 03; —. 02 6| 6} 82) 23) 63) 40) 10) 48} 29) 49) 45] 74 | 6} 6,749) w. 44) nw. 
141| 12) 1 88} 24] 68] 35) 12] 43) 4,958] nw. | sw. 
| 
27| 89) +.01 | 95] 25) 73 17| 48| 36} 50} 56 | 5,420) nw. nw. 
338) 159| 1 00} +. 01 90} 41] 10] 51| 36 71 3| 3,836] sw. | 24] sw. 
87| 62 +. 01 | 78| 23] 64} 12| 52| 22 49] 78 | 5} 4,804) w. 8. 
201} 32 05} | 86} 22} 67 1i| 45| 39 44] 83 5| 3,388] nw. | 19) w. 
West Indies | | 
San Juan, P.R.......| 82 68| 15| 72; 
| 86| +.07 14 73| 76 n. 
| 11 1 29 31] 23 5,947} e. | 31/8. 
3: 6 64) 24 
| | Be 
& 


JO (j0su “2261 ‘laid w 


bons “S88! #88 8886 5 is | se igs | 


— 
— 
4 
— 
all 
e 
— 
ma 4) 
q 
8 
pa 
© 
4 
d 
— 
4 
— 
— | 
ip bins q 
| 
a 
—— 
| 
— 
| 
2 | 
| 
— 
4 
— 
— 
— 
0 
< 
7 
0. 
— 
i 
i 
— 
Re 
ie 
— 
— 
1 
4 


i 


| 
| 
} 

i} 
| | | 
i} i] 
i} 
| 

i lod 
| 

} 
j 
| | 


April, 1927. M.W. R. 


(4eq ‘a pata 4q 


ES 


SAY 


April, 1927, M.W.R, 


\ { aa 


au ve 


0 
\ 
6 e 


Suypeoceig wioy omsseig uve ul (19841) ‘Tady Jo Jo “IT 


IG. SO AKA : | 


April, 1927. M.W.R. 


10. Jo MOYs 
: 
) nous su 


LS61 ‘tady oe 


t~ 


j 


nod 


| ZA | = 


“LEGIT “tid “34 jo 


April, 1927. M.W.R. 


Fs 

+ Shit 4 

= 

¢ 


| 

| 


| 


$35: 


April, 1927. M.W.R. 


Ai aber WC ES : 

i} SSS | 


‘Wad y ‘seqouy ‘TTeymoug “IIA 


April, 1927. M.W.R. 


LOI ‘THdy ‘spur 48 pus [ese] Bog SIBQOST “IA HVYO 


tv—40 

| | 

* <4 /| aN <t 

| 

| 


a | 


? 


j 


/ 


af 
i 


\ 
™ 


April, 1927. M.W.R. 


08 28 “ure ures om “wre ¢ 


‘Widy ‘seqouy “ITA 31840 


- 
| 
7) 
— 
J 
; 
i 
a 
/ 
— 
— 
— 
: 
« 
4 
— 
1 
4 q 
— | 
— 
a 
| 
| 
ey 
. 
x 
— 
— 
— 3 
— 
> ‘ 
— 
‘ 


9 
898 4 
o\ 
: 
% 
Wa 

u 

‘ 
(Sanox Aq pesj01g) 


OA 


a lf 
= 
| 
° 
Vv 
pe 
A 
2 
© 
| 
| 
| 
| 


ve 


| 


1927. M.W.R. 


April, 


oe 


-y ‘a Aq 
= O ABA AA 


ph 


6° 
ous jo ‘drei 72 
/ 410 
4 1 Att 
® 
09 OL a pe o8 
LZ6I ‘IT ‘uve00 jo dey ‘TX 


April, 1997. M.W.R. 
int if 


